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The neurotoxicity, antielectroshock, anti- 
Metrazol, and antistrychnine activities of an- 
other series of urazole compounds have been 
determined in mice. Depending upon the 
nature of the substituted nitrogen groups, the 
members of this series, as with the previous 
compounds, were found to possess anti- 
electroshock, anti-Metrazol, antistrychnine, 
convulsant, and depressant type actions. In 
general, the urazole compounds are most ef- 
fective against maximal Metrazol seizures. 


T= SIMILARITY of the urazole and hydantoin 

nucleus prompted an investigation of the 
C. N. S. activity of a series of substituted ura- 
zoles. One group of these derivatives has been 
reported previously (1). The compounds were 
relatively short acting and nontoxic. In general, 
they were found to be most effective against 
maximal Metrazol seizures. Variations in the 
substituted nitrogen groups yielded compounds 
possessing anticonvulsant, convulsant, and de- 
pressant type actions. 

This report concerns the C. N. S. activity of 
another series of urazole derivatives and some 
observations concerning the structure-activity 
relationship of the C. N. S. actions of the entire 
series. 


EXPERIMENTAL 


Adult male albino mice obtained from the Arthur 
Sutter Farms (Rockland strain), weighing 20 to 25 
Gm., were maintained on Purina laboratory chow 


* Received June 27, 1959, from the College of Medicine, 
State University of lowa, lowa City 

t Smith, Kline and French Fellow in Pharmacology 

The urazole compounds were kindly supplied by and the 
work was supported in part by the Knoll Pharmaceutical 
Co., Orange, N. J., and in part by U. S. P. H. S. Grant B 
1079 

The material contained in this report is to be submitted 
to the Graduate College of the State University of lowa in 
partial fulfillment of the requirements for the degree of Ph.D. 
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and allowed free access to food and water except dur- 
ing the test period. The mice were used for one ex- 
periment only. The test procedures employed were: 
(a) the supramaximal electroshock seizure technique 
(M. E. §.), of Toman, et al. (2), in which alternating 
current, 50 ma. of 0.2 second duration was delivered 
through Spiegel corneal electrodes (3) from an elec- 
troshock apparatus constructed according to the de- 
sign of Woodbury and Davenport (4); (6) the maxi- 
mal Metrazol seizure test (M. M. S.), of Goodman, 
et al. (5), in which Metrazol,' 38 mg./Kg., was in- 
jected intravenously. The end points for both tests 
were the abolition of the tonic extensor components 
of the seizure pattern; and (c) ability to prevent 
death from strychnine, in which 2.5 mg./Kg. of 
strychnine was injected intraperitoneally (6). 

All compounds were suspended in 10% acacia for 
oral administration. The convulsant stimulus was 
delivered thirty minutes following urazole adminis- 
tration, with the exception of UR Nos. 103 and 104. 
The convulsant stimulus for the latter two com- 
pounds was delivered one hour (UR 103) and one 
and one-half hours (UR 104) following drug adminis- 
tration. Those compounds exhibiting protection at 
1 Gm./Kg. from electroshock and/or Metrazol were 
then administered in dosages of 300, 100, and 30 
mg./Kg. until less than 50% of the animals were pro- 
tected. 

Acute neurotoxicity (N. T.) was determined by 
the method of Swinyard, et al. (7). The following 
end points were used: (a) positional sense test, (b) 
righting test, (c) gait and stance test, (d) muscle 
tone test, and (¢) equilibrium test. Neurotoxicity 
was recorded when an alteration in response to any 
one of the above procedures was observed. The 
mice were examined at fifteen-minute intervals for at 
least one hour, and thereafter until a decrease in the 
number of mice exhibiting neurological symptoms 
was seen. 

The 50% neurotoxic dose (TDw) and the 50% 
effective dose (ED) for UR 110 and UR 104 were 
determined at thirty minutes and one and one-half 


' The Metrazol was kindly supplied through the courtesy 
of Dr. R. O. Hauck, Knoll Pharmaceutical Co. 
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hours, respectively. Similar tests for trimetha- 
dione,? phenobarbital, and diphenylhydantoin® were 
determined at one and one-half hours, two hours, and 
three hours, respectively. These time intervals rep- 
resent the approximate time of peak effectiveness for 
each drug, as determined in our laboratories utilizing 
the M. E. S. technique. The time of peak effect for 
the standard anticonvulsants is in agreement with 
that reported by Swinyard, et al. (7), and Chen, et al. 
(8). 

The ED, in the Metrazol seizure threshold test 
(Met.) of Swinyard (7), was also determined for the 
above compounds. In this test, Metrazol, 85 
mg./Kg. was injected subcutaneously; the end point 
was the abolition of clonic spasms. In the Met. test, 
the Metrazol was injected subcutaneously ten min- 
utes prior to the time of peak effect and the mice 
were observed for a period of thirty minutes. 

The computations for fitting the probit-log dose 
regression line, the determination of the TD», 
protective index (P.I.), and the confi- 
dence interval were done according to the methods 
described by Finney (9). In determining the EDw 
at least three dose levels, yielding between 10 and 
90°% effect were used. At least 10 mice were utilized 
in determining each point. 

The time of peak anticonvulsant effect and dura- 
tion of action of one compound (UR 104) was deter- 
mined by the M. M.S. test. A dose of 100 mg./Kg. 
was administered to five groups of 10 animals. The 
respective groups of mice were then injected with 
Metrazol at thirty, sixty, ninety, one hundred and 
twenty, and one hundred and eighty minutes. 

The sleeping time produced by two compounds 
(UR 75 and 96) was compared with hexobarbital. 
Sleeping time was recorded as the time interval in 
which the righting reflex of the mice was absent. 
The effect of five compounds (UR 73, 83, 107, 108, 
and 109) upon the sleeping time of hexobarbital was 
also determined. The convulsant compounds were 
administered orally, two minutes prior to the i. p. 
injection of hexobarbital. The 95° confidence in- 
tervals were calculated according to the method de- 
scribed by Snedecor (10). 


CH.(CH, jwCHy, 


CH.(CH:);CH, 
CH,(CH,)sCH; 


RESULTS 


The structures of the urazole derivatives studied 
are detailed in Table I. UR Nos. 109, 73, 83, 107, 
and 108, which were convulsants, produced death in 
50% or more of the mice at 1 Gm./Kg. Less than 
50°, of the mice were killed at 1 Gm./Kg. with the 
following compounds: UR Nos. 62, 93, 94, 111, 59, 
58, and 88. The remaining compounds were rela- 
tively nontoxic at 1 Gm./Kg. (i. e., no mice were 
killed). The predominant neurotoxic effect was 
ataxia. 

The anticonvulsant activities are detailed in 
Table II. Data for phenobarbital, diphenylhydan- 
toin, and trimethadione have been reported pre- 
viously (1) and are in general agreement with those 
of Swinyard, et al. (7), Goodman, et al. (5), and 
Chen, et al. (8). As with the previously studied 
materials (1), the present urazole compounds possess 
relatively good anti-M. M. S. activity, and they are 


CH,C=CH; 
CHCH.CH,CH, 


CH; 


* The trimethadione was kindly supplied through the 
courtesy of Dr. R. K. Richards, Abbott Laboratories 

* The diphenythydantoin was kindly supplied through the 
courtesy of Dr. Graham Chen, Parke, Davis and Co. 
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ineffective in the M. E. S. test in non-neurotoxic 100, 
doses. 
‘ Neurotoxicity tests indicated that all active mem- 
’ bers of this series were rapidly absorbed from the in- 
1 testinal tract and with the exception of UR Nos. 103, 


“ 104, and 110, had a relatively short duration of ac- 
tion. All of the urazole derivatives reported pre- 
viously (1) appeared to have a short duration of ac- 
tion. Time duration studies on UR 104, 100 
mg./Kg. (Fig. 1), indicate that this compound has a 


5 so] 
peak effect ninety minutes after oral administra- 
tion. Some anticonvulsant activity is still present = 
ae three hours after administration. A similar study of ae 


UR 110 revealed a peak effect at thirty minutes 
The and the ED w’s in the M. M. S., Met., 
| and M. E. §. tests for two of the more active mem- 
: bers of the series (UR 104 and UR 110) were deter- 
mined. A comparison of these data with those of 
trimethadione, phenobarbital, and diphenylhydan- L L 


toin are presented in Table III. From the data pre- »” 60 90 (20 150 180 
sented, it would appear that UR 104 and UR 110 are TIME IN MINUTES 
if relatively specific antagonists of Metrazol. Fig. 1.—Duration of action of UR 104, 100 mg./Kg 


TABLE I[.--ANTICONVULSANT ACTIVITY OF 


| N T 100 


q 
| 
q 
{ 
| 
| 
10 
20/2 
2 
10/10 10/10 
10/10 
'R Nos. 100, 105, 54, and 77 inactive at 1 Gm. /Kg 


Nos. 100, 73, 83, 107, and 108 are convulsant (see text) 
Nos. 57, 64, 56, 79, 75, 06, 69, 63, 94, 101, and 102 stimulate, then depress at 1 Gm_/ Kg. (see text) 
Neurotoxicity (see text) 
Supramaximal electroshock seizure technique (see text) 
Maximal Metrazol seizure test (see text). 


UR UR 
30 No 1,000 300 100 30 _ 
111 NT? 15/20 a 20/20 20/20 5/20 0/10 
{ 0/10 96 10/10 10/10 0/10 
MMS’ 0/10 10/10 o/9 6/10 2/9 
| 80) NT 20/20 20/20 0/10 20/20 5/20 0/10 ; it 
MES 10/10 1/10 92 7/9 0/9 z 
; | MMS 8/8 10/10 2/8 9/9 8/9 0/10 
NT 16/16 9/20 0/20 
1/10 
0/10 
6/10 2/10 
2/10 
4/10 
0/10 
0/10 
o/10 
5/10 1/10 
0/10 
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AntI-M. M. S. Potency, ANTI-Met. PoTENcy AND ANTI-M. E. S. PorENCY FOR 
UR 104, 110, TRIMETHADIONE, PHENOBARBITAL, AND DIPHENYLHYDANTOIN® 


M. M.S Met M. &. S. 
Time, > Neurotoxicity, Potency, Potency, Potency, 
Drug Min TDw, mg./Kg EDw, mg./Kg EDw, mg./Kg EDw, mg./Kg 
UR 104 90 204 55 88 820 
(55-684 ) (35-75) (46-131) (638-989 ) 
UR 110 30 875 80 273 > 1000 
(702-1099) (30-130) (169-422) 
Trimethadione 90 975 236 421 1082 
(760-1390) (196-281) (275-556) (923-1262) 
Phenobarbital sodium 120 60 y 21 
(47-77) 
Diphenylhydantoin sodium 180 100 Ineffective in 
(56-184) (9-12) doses up to 
100 mg./Kg. 


@ Values in parentheses represent the 95°) confidence interval 
© Time elapsed after administration of drug before Metrazol was injected 


Compounds No. 73, 83, 107, 108, and 109 pro- mg./Kg. of strychnine. Only UR Nos. 80, 81, 90, 
duced convulsions at 1 Gm./Kg. With the ex- and 89 provided significant protection. The ac- 
ception of UR 109, the convulsions were primarily _ tivity of these compounds in comparison with 250 
clonic in nature. Tonic flexion was the most pro- mg./Kg. of Zoxazolamine‘ and 500 mg./Kg. of me- 
nounced effect produced by UR 109. All of the — phenesin is detailed in Table VI. It would appear 
compounds produced convulsions within ten min- that UR 80 and UR 81, 250 mg./Kg., are compara- 
utes. UR Nos. 73, 83, 107, and 108, at 1 Gm./Kg. _ ble to Zoxazolamine 
produced death in all of the animals within one hour 
after administration. At 300 mg./Kg., UR 73 and Tasie V.—MEAN SLEEPING TIME oF UR 75, UR 
UR 83 produced periodic mild clonus which lasted 96, AND HEXOBARBITAL, 400 MG./KG., ORALLY 
for approximately one and one-half hours. Mice re- 
hese lose of 100 Mean 
ceiving these two compounds in a dose 0 Sleeping O5% 
mg./Kg. appeared hyperactive. UR 107, 300 Time Confidence 

mg./Kg. produced death in three out of ten animals, UR 75 1-26 
mild stimulation was noted from 100 mg./Kg. UR UR o8 2 3 rr 

18, 300 -ed death in all animals. 
108, 3 mg Kg. produced death in all animals At Hevoherbital 33-48 
100 mg./Kg., hyperactivity was noted. UR 109, 

1 Gm./Kg., produced death in four out of 10 animals 

within one and one-half hours after administration Tasce VI.— Apiiity TO PREVENT DEATH FROM I. P 
No effect was seen from this compound at 300 INJECTION OF 2.5 MG./KG. OF STRYCHNINE 
mg./Kg. The effect of these compounds on the = = 
sleeping time of mice receiving 150 me ‘Kg of hexo- Pcs oe. . 
barbital administered i. p. is detailed in Table IV. YH 
UR 107, 100 mg./Kg appeared to pre slong the sleep- Time.* 
ing time of mice receiving hexobarbital. The other Drug Oral Dose Min Tested 
compounds, in the dose studied, had no apparent UR 80 25) mg./Kg 30 10 
effect UR 81 250 mg./Kg 30 

Compounds No. 57, 64, 56, 79, 75, 69, 63, 94, 101, 
and 102, 1 Gm./Kg., caused initial stimulation - on 

Zoxazolamine 250 mg./Kg 60 
which was followed by depression. However, only : = , : 

UR 75 and UR 96 induced a loss of righting reflex 
at 400 mg./Kg. Table V shows the mean sleeping @ Time elapsed after administration of drug before strych 
time of UR 75, and UR 96, 400 mg./Kg., as com- i _Was injected 
pared to a similar dose of hexobarbital eo 

All compounds (except UR 100 and UR 105) were DISCUSSION 
tested at a dose of 1 Gm./Kg. for their ability to pro- In our previous report (1), factors validating a 
tect against death produced by i. p. injection of 2.5 discussion of the structure-activity relationship of 
the urazole derivatives were enumerated and the fol- 
TABLE IV.—Errect or UR 73, UR 83, UR 107, UR __ lowing observations were made: (a) at least one 
108, anp UR 109 Upon THE MEAN SLEEPING Time phenyl group on the adjacent nitrogen atom (R; or 
oF HEXOBARBITAL, 150 MG./KG. 1. P.1n THE Mouse Ro, Table 1) is essential for anticonvulsant activity; 

(b) if Ry or Re is phenyl, all other substituents except 

eA 95% hydrogen on the adjacent nitrogen can confer anti- 

Hexobarbital, _ Time Confidence convulsant activity; and (c) the R, substituent 

me-/Kg. |. p. With must be small or relatively polar for maximal anti- 
Nothing 
, + nvulsant activity 

UR 73 100 mg./Kg. (oral) : 16-80 

: The results obtained in the present series indicate 

UR 83 100 mg./Kg. (oral) 54 

UR 107 190 mg./Kg. (oral) ‘ 77-200 that while a phenyl group on one of the adjacent ni- 


UR 108 100 mg Kg (oral) % 56 116 ‘The Zoxazolamine was kindly supplied through the 
UR 109 500 mg./Kg. (oral) 55-81 courtesy of Dr. Charles F. Kade, Jr., McNeil Laboratories, 
Inc 


iis 
hy 
vee 
=f 
wok 


676 


trogen atoms is sufficient for anticonvulsant activity, 
it is not necessary, since UR 110 (1,2-diethyl urazole) 
was one of the more active compounds in this series 
This was the only compound, however, which pos- 
sessed anticonvulsant activity and did not contain a 
phenyl! group on one of the adjacent nitrogen atoms 

In this series, when R, or R, is phenyl, most of the 
groups except hydrogen do confer anticonvulsant ac- 
tivity (compare UR 81, 60, 61, 93, 57, 64, 56, 79, 75, 
06, 69, 63, 94, 92, 66, 72, 71, 67, 65, 101, 102, 78, 103, 
and 104, with UR 100, 109, 111, and 105). However 
five compounds (UR 73, 83, 107, 108, and 77) did 
not possess anticonvulsant activity. All of these 
compounds, except UR 77 (which was inactive at | 
Gm./Kg.) were convulsants 

Although the number of comparisons in this series 
is limited, the results would seem to substantiate the 
conclusion that the R, substituent must be small or 
relatively polar for maximal anticonvulsant activity 
(compare UR Nos. 59 and 58, UR 62 and 61). 

UR Nos, 92, 85, 88, 66, 70, and 72 are derivatives 
of one of the more active anticonvulsant urazole com- 
pounds reported previously (UR 20, 1-phenyl-2- 
cyclohexyl urazole) (1). Compounds No. 92, 85, 
70, and 72 are less active than UR 20. UR 88 and 
UR 66 are approximately equal to UR 20 in anticon 
vulsant activity. However, UR 88 appears to be 
more neurotoxic than UR 20. 
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UR Nos. 80, 81, 90, 91, and 89 are derivatives of 
the only compound (UR 8, 1 phenyl-2-methyl ura- 
zole) reported previously (1) which possessed signifi- 
cant antistrychnine activity. These compounds 
were the only members of this series which possessed 
antistrychnine activity. UR 80 and UR 81 are 
more active than UR 8, while UR 90 and UR 89 are 
approximately equal in activity to UR 8. UR 9I1,1 

ym./Kg., was devoid of antistrychnine activity 

In this series, as in the urazole derivatives reported 
previously, a variety of actions was noted. The an- 
ti-Metrazol activity, however, appears to be one of 
the more striking properties of the urazoles 
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The Physical Chemical Evidence for Aspirin 


Anhydride as a Superior Form for the 
Oral Administration of Aspirin® 


By EDWARD R. GARRETT 


Physical chemical and kinetic investigations show that aspirin anhydride is a source 
of aspirin and that it should not produce digestive upset because of salicylic acid 
production or undissolved —— that may adhere to the gastric mucosa and irritate. 


On oral ingestion, aspirin an 


intestinal absorption. 


ydride should give higher acetylsalicylate blood levels 
than aspirin alone due to the latter's pH-de 
equations are presented for aspirin anhy 


Complete 
de’s homogeneous and heterogeneous 


hydrolysis and solubility and the specific equations for physiological conditions have 
been derived. Procedures have been developed for the assay of aspirin anhydride 
and all probable derivatives. 


analgetic action of 


T= MECHANISM of the 

acetylsalicylic acid, aspirin, has been subject 
to much discussion. The possible side effects are 
Without introducing an 
or critique of the literature, 
several rational opinions based on experimental 


evidence may be stated 


of widespread interest. 


excessive review 


The onset and duration of aspirin concentration 
in the blood can be correlated with analgetic re 
lief and this action may be expressed mainly by 
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the unhydrolyzed fraction in the 
plasma (1, 2). 


tion, 


acetylated 
Aspirin cam cause gastric irrita 
nausea, and even gastrointestinal bleeding 
in a considerable number of people (3-6). Dis 
turbances from acetylsalicylic acid are reported 
to be less serious than from salicylic acid (7), and 
annoyances of the former have been ascribed to 
the immediate area surrounding particles (4) 
Here, irritation could be 
function. There is evidence that soluble material 
is less irritating (6). 

It rationally follows that if a form of ‘‘aspirin”’ 
could produce equivalent aspirin blood levels and 


ascribed to the acid 


less salicylic acid than acetylsalicylic acid, the 


— 
| 
‘ 
| 
ad 
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net result could be less gastric irritation without 
lessened analgetic acitivity. Further, if this 
“aspirin” were nonacidic and produced higher 
aspirin blood levels, it might even be found to be 
superior to acetylsalicylic acid as the optimum 
form for administration of this drug. 

This paper presents and considers the physico- 
chemical and kinetic investigations on aspirin 
anhydride which permit consideration of it as a 
superior ‘‘aspirin.”’ 


EXPERIMENTAL 


When the aspirin or salicylic acid impurities of 
aspirin anhydride (AA) were to be determined quan- 
titatively simultaneously with the rate study for 
the determination of its heterogeneous hydrolysis, 
100 mg. AA were accurately weighed into a 15 xX 
45-mm. glass vial (Kimble Opticlear) with a press 
fit polyethylene cap. Four milliliters of 0.1000 N 
HCl were pipetted into the vial. The HCl had 
been previously maintained at the temperature of 
the study. The vials were strapped horizontally 
on a bar suspended vertically into a constant tem- 
perature bath. The upper portion of the bar was 
clamped on the horizontal arm of a Burrell wrist- 
action shaker; the lower end of the bath was free. 
The net action of the vials was elliptical and gave 
excellent agitation of the dispersed AA in the liquid. 
Quantitative weighing of AA was not necessary 
when only solubility or heterogeneous rate were to 
be determined 

The AA was filtered from the solution by a sin- 
tered-glass filter (medium) 

In run 1 (see Table I and Fig. 1) both filtrate and 
residue were assayed spectrophotometrically for 
AA content by the following procedure. Two ml 
of filtrate, or 3.5 mg. residue, were made up to 25 
ml. with dioxane, i. e., solution A. To 10 mil. of 
solution A were added 10 ml. 0.250 M HCl and the 
final volume, B, was made up to 25 ml. with dioxane. 
Also, to 10 ml. of solution A were added 10 ml 
0.100 M sodium acetate and the final volume, B’, 
was made up to 25 ml. with dioxane. Spectra of 
both solutions, B and B’, were run immediately on 
the Cary spectrophotometer against the appropriate 
blanks. Typical Cary model 11 curves for aspirin 
anhydride, salicylic acid, and aspirin are given in 
Fig. 2 

No significant change was observed in the spectra 


TABLe | 
SOLUTION (100 MG 


10% (sec 

In 10% 
Dioxane® 

8.03 

8.02 

9.65 

16.0 

25.4 


Compd. 


@ The variation 
log & 1,.960/T + 3.46 and where 
+ The effect of per cent dioxane on & at 


+ 


is linear in the 


25° 


ScIENTIFIC EDITION 


8 


wea 
% ASPIRIN ANHYDRIDE INSOLUBLE RESIOUE Curve C 


8 


5 


(SALICYLIC ACID] Curve 


10" x 


sax 


2. 
100 400 ‘$00 


600 
TiME IN HOURS 

Fig. 1.—-Effect of time of heterogeneous hydrolysis 
on the concentrations of aspirin anhydride and its 
hydrolytic derivatives. The aspirin anhydride, 100 
mg., was equilibrated in 4 ml. 0.1 N HCl at 25.8°. 
Curve A represents the molar concentration of 
aspirin and curve B that of salicylic acid in solution. 
Curve C is the ©) aspirin anhydride in the undis- 
solved portion. 


SALICYLIC ACID 


(MOLAR FOR ASPIRIN) 


€ EQUIVALENT ABSORPTIVITY 


~ 


30 300 290 280 
WAVELENGTH IN mp 


320 

Fig. 2.--Absorptivities of aspirin anhydride and 
hydrolytic derivatives in 60°> (by vol.) dioxane. 
The solid curves are spectra in 0.1 N HCl. The 
dashed curves are spectra in 0.1N sodium acetate. 


of aspirin anhydride within ten minutes when in 
such solutions 

Since the background absorbance of the aqueous 
dioxane changes with time, especially when in con- 
tact with HCl, the spectrophotometric bianks 
were prepared with the same dioxane at the same 
time of sample preparation. The dioxane used was 
distilled on the same day of use and the initial frac- 
tions were discarded. The remaining dioxane was 
purged with nitrogen and not permitted to stay in 
contact with any aqueous solvent for any great 
interval. 


ESTIMATION OF SOLUBILITY OF ASPIRIN ANHYDRIDE |AA], At VARIOUS TEMPERATURES IN AQUEOUS 
IN 4 ML 


0.1000 N HCl) 


Slope 

) 10°d| |asp| + 
In {sal} | /dt 
Dioxane?® (M/L./sec.) 
85 
&3 
81 
4.9 


ntercept 


0.457 
0.463 
0.520 
1.101 
1.961 


10* [asp 


2 
8 
2. 


of & in 0.1000 N HCl, 10% dioxane, had been previously determined as a function of temperature (8), where 


range 0-10°% dioxane, i. e., & —0.0436 [per cent dioxane] + 


It was assumed that the effect of decreasing dioxane content on & was the same for all temperatures so that 46% 4 ox. / 


‘ 
dios X divs. = divs, 


where the former quotient is 20/8 
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Several three-component assays gave no indica- 
tion of any significant amount of AA in the filtrate. 
Thus the aspirin and salicylic acid content of the 
filtrate was calculated from the absorbances, A, 
at 307.5 my and 277.5 mu in the HCl-dioxane solu- 
tions of the Cary model 11 using the following 
equation: 

277.5 


faspirin] = (Am [sal] (Eq. 1) 


where = 1,21, and [sal] = 


3,290 


The aspirin anhydride content ( AA) of the residue 
was calculated from the absorbances, A, in the HCI- 
dioxane solutions on the Cary model 14 using the 
following equation: 


[AA] = 
CAA 

where en, = 1,200, = 2,700,¢ 2? = 1,808, 22 = 
250; & = 1,490, and & = 1,540, where A, is the 
equivalent absorptivity = 0.5 X molar absorptivity 
for aspirin anhydride 

The composition of the filtrate in all other runs 
at 25.7, 30.3, 40.1, and 50.4° was determined on the 
basis of negligible anhydride content and use of the 
following procedure. Two milliliters of filtrate were 
diluted to 25, 50, or 100 ml. with 0.1000 N HCI, 
the amount dependent on the magiiiinude of the ab- 
sorbance of the dissolved aspirin and salicylic acid 
Readings were taken on the Cary model 11 at 277.5 
and 394 my and the amounts of aspirin, [asp], and 
salicylic acid, [sal], were calculated from the follow 
ing equations: 


[sal] Aws/ ext (Eq. 3) 


where &! = 3,524, and 


= — (Eq. 4) 


where 27° = 1,025 and <27* = 1,128. 


RESULTS 


Since aspirin anhydride in homogeneous aqueous 
solution undergoes pseudo first-order hydrolysis to 
aspirin which may subsequently hydrolyze to 
salicylic acid (8, 9), the hydrolysis of aspirin an 
hydride in saturated solution should be apparent 
zero order (10) and 


d|AA\/di = k|AA)|, = constant (Eq. 5) 


where d|AA|/dt is in moles of aspirin anhydride 
hydrolyzed to aspirin per liter per second, & is the 
pseudo-first order rate constant in homogeneous 
solution (sec.~') and [AA], is the solubility of an- 
hydride in moles per liter. 

Since 


—d|AA|/dt = ('/s)d{ [asp] + |sal]| /dt (Eq. 6) 


the knowledge of the rate of appearance of aspirin 
and salicylic acid will permit the evaluation of 
k{AA}, and knowledge of & will permit estimation of 
the solubility of [AA], in saturated solution. It 
follows that the plots of [asp] + [sal] vs. time at 
a constant temperature and pH should be linear 
Such plots are given in Figs. 3 and 4 for the data 


500 


8 


104 ([SALICYLIC + [asPiRiN] 
8 


TIME IN HOURS 

Fig. 3.-Effect of aspirin contaminant of aspirin 
anhydride on plot of hydrolytic products as a func- 
tion of time for 100 mg. per 4 ml. 0.1 N HCL. 
Curve A is for compound | at 25.8°; curve B is for 
compound 2 at 25.7°; and curve C is for com- 

pound 3 at 30.3° (see Table I) 
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Fig. 4.—Plot of concentrations of hydrolytic 
products of aspirin anhydride in saturated 0.1 A 
HCI solution as a function of time. Curve A is at 
50.4°; curve B is at 40.1°; curve C is at 30.3°; 
and curve D is at 25.7°. 

The slopes so determined along with the & values 
from homogeneous hydrolysis permit estimation of 
the solubility, [AA],, as given in Table I. 

The intercept provides an independent estimate 
of the amount of aspirin contaminant. In this re- 
gard, this method can serve as an analytical pro- 
cedure. The compound 1 has 4.8% aspirin; the 
compound 2 has 0.0° aspirin; and the compound 
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3 has 0.3% aspirin if the three, six, and eight hours 
alone are used (see Fig. 3). 

The dependence of anhydride solubility on tem- 
perature may be expressed by: 


[AA], = Pye 4H./RT (Eq. 7) 


where AH, is the heat of solution in Kcal./mole, 
R is the gas constant (1.987 calories degree™! 
mole~') and T is the absolute temperature. Simi- 
larly, the dependence of heterogeneous hydrolysis 
rate may be expressed by: 


d{|AA]/dt = k{[AA], = 
on Sha RT RT 


= (P.P, je —(AHa + BHs)/RT (Eq. &) 


where AH, is the heat of activation for the homo- 
geneous hydrolysis of aspirin anhydride in 0.1000 
N HCl. 

The logarithmic forms of Eqs. 7 and 8 are plotted 
in Fig. 5 as based on the data of Table I. The re- 
sults are tabulated in Table II. 

Thus, the heat of solution (AH,) for aspirin an- 
hydride is 11.2 Keal./mole where the apparent heat 
of activation (AHr) for the pseudo-zero order hetero- 
geneous hydrolysis is 20.5 Keal./mole. The heat 
of activation for the homogeneous hydrolysis of 
aspirin anhydride is AH. = AHr — AH, = 93 
Keal./mole 

It has been previously shown in studies on homo- 
geneous hydrolysis that the AH. in 0.1 N HCl, 
10°, dioxane, was 9.9 Keal./mole (8). The above 
calculation is confirmatory. 


TaBLe II.—DaTA ON TEMPERATURE DEPENDENCE 
oF ASPIRIN ANHYDRIDE SOLuBILITY, [AA], M/L., 
AND RATE OF ANHYDRIDE Hyprotysis, —d[{AA]/dt 

In M/L./Sec., 0.1 N HCl 


SH 

(Keal. 

Dependent Sa log P mole) 
[AA], 2,445 3.845 
d |AA)/dt 4,475 7.927 
k 2, 030° 4.082 


@ Slope of plots in Fig. 4 for logarithmic form of Eqs. 7 and 
8. log (dependent variable) = —S/T + log P = —AH 
2.303R(1/T) + log P. 

6 Calculated from the difference of the above two values. 


CALCULATIONS 


The equations for the prediction of hydrolysis of 
saturated solutions of aspirin anhydride under any 
conditions of pH, acetate buffer concentration, and 
temperature are given in the pseudo-zero order 
Eqs. 5 and 6 where 


k =k, + kon” |OH~| + (Eq. 9) 
ko = 104-082] Eq. 10) 

= 104-58] ()~3.490/7 (Eq. 11) 

ac = 104-3] (Ey. 12) 

[AA], = (Eq. 13) 

where the &; values are corrected in these equations 


to 0° dioxane as based on the comparison of 0% 
and 10% dioxane values at 25° and the temperature 
dependence of the &; in 10°) dioxane (8). Equations 


10 to 13 are given in the nonlogarithmic form; 
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Y + LOG X 


31 32 33 34 

107 
Fig. 5.—Temperature dependence of aspirin 
anhydride solubility, [AA], im M/1, and rate of 
anhydride hydrolysis, —d{AA]|/dt in M/1/sec., in 
0.1 N HCl. Curve A, y = 3 and x = [AA]},. 
Curve B, y = 5andx = —d[AA]|/dt = —k[AA],. 


ki = 10! of the Arrhenius equation, 
log ki = log P — S/T, and T is the absolute tem- 
perature, where all &; are in units of seconds. 

The rate of appearance of salicylic acid, [sal], 
is first order on aspirin, [asp], until the solution 
is saturated with aspirin (9, 10): 

d{sal] /dt = k,,, [asp] (Eq. 14) 
where, 
Rew = ki|H*|/1 + + + 
+ + (Eq. 
ky 1()7-78]() ~3,690/T (Eq 
ky = 109-10) (Eq. 
= (Eq. 18) 
ke = 108-810 (Eq. 19) 
K’, = 24 xX 10-4 (Eq. 20) 

The appearance of salicylic acid from aspirin 
anhydride is the result of a sequence of a zero-order 
and first-order reaction where: 


[asp] + [sal] = 2ke (Eq. 21) 


Until all anhydride has disappeared, the rate of 
accumulation of aspirin is equal to the difference 
in its rate of formation from anhydride by Eqs. 
5 and 6 and its decomposition into salicylic acid by 
Eq. 14 so that 


d|asp]/dt = —d|AA]/dt — d{sal]/dt (Eq. 22) 
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On integration, realizing that [asp] = 0 when 
t= 0, 
jasp] = 2k(1 — (Eq. 23) 
so that on the basis of Eqs. 21 and 2: 
[sal] = 2kt 2k(1 — e*sn')/k (Eq. 24) 
Application of these equations at the physiological 
temperature of 37.5° gives the rate of anhydride 


hydrolysis as a function of pH from Eqs. £, 9, 10, 
ll, and 13; 
= {3.51 + 
3.4 10°(OH~}}9.38 x 
= 32.9 x 10°* + 
0.32|0H~| in A1/L./sec. (Eq. 25) 


Below a pH of 6.0, the hydroxyl ion catalysis is 
insignificant so that the appearance of salicylic acid 
and aspirin on the basis of Eqs. 6, 21, and 25 would 
be 


jasp| + [sal] = 2.37 (Eq 26) 
where ¢ is in hours 


The rate of salicylic acid appearance from the 
hydrolysis of aspirin at 37.5° may be calculated 
from Eqs 14-20 where: 


Rasp(sec”') = 


7.15 X + 2.4 10-4/[H*])4 
a 
(3.06 K + 1.21 & 1075+ 
b 
0.24 [(OH~|)/A + 4.17 10°[H*]) (Eq. 27) 
d 


The items in Eq. 27 have no significant contribution 


103 [SALICYLIC 


0 8 12 
TIME IN HOURS 
Fig. 6.—-Comparison of salicylic acid production 
from saturated solutions of aspirin (curves A, A‘) 
and aspirin anhydride (curves AA, AA‘) at pH 0.5 
(curves A, AA) and pH 1.0 (curves A’, AA’) at 


37.5°. 


under the following pH conditions: a above 3.0, 
b above 4.0, ¢ below 1.0 and above 11.0, and d 
below 8.0. Obviously, item d is of no physiological 
consequence. 

At a pH of 1.0, the probable maximum acidity 
of the stomach, the salicylic acid concentration 
from a saturated solution of aspirin anhydride in 
excess as a function of time can be derived from 
Eq. 24 where ¢ is in hours. 


{sal] = 2.37 X 10-%— 
0.0834(1 — e~®-984) (Eq. 28) 


Salicylic acid appearance from a saturated solu- 
tion of aspirin in excess as a function of time at 
37.5° may be derived from the knowledge of the 
Rasp Values of Eq. 27 and the solubility of aspirin 
at 37.5° where [asp], = 3.16 XK 107? 


[sal] = Raspl (Eq. 29) 


where ¢ is in hours and ky, = 8.98 K 10~* M/L./hr. 
at pH 1.0. 

A comparison of salicylic acid production from 
saturated solutions of aspirin and aspirin anhydride 
at pH values of 0.5 and 1.0 over twenty hours is 
given in Fig. 6 as based on Eqs. 28 and 29. Similar 
relationships between salicylic acid concentrations 
from these sources will hold for all pH values 


DISCUSSION 


Advantages of Anhydride Over Aspirin Relative 
to Gastric Irritation... The prime disadvantages of 
aspirin therapy, those of digestive upset and gastric 
mucosal irritation, are well known. The literature 
(12) has provided strong evidence that aspirin is a 
gastric mucosal irritant 

As developed in the introduction, this irritation 
may be due to (a) salicylic acid production, (6) the 
natural acidity of aspirin, or (c) the adhesion of un- 
dissolved acidic aspirin to the gastric mucosa. A 
nonacidic ‘‘aspirin’’ would be ideal in that the 
rational causes of these disadvantageous phenomena 
would not be present. Aspirin anhydride fills the 
bill in that (a) its salicylic acid production under 
the pH conditions of the stomach (13) or the 
intestine is negligible compared to that from aspirin 
(see Fig. 6), (b) aspirin anhydride is nonacidic, and 
(c) aspirin anhydride has to dissolve to give aspirin, 
which when in solution may be almost instantane- 
ously absorbed into the blood (11) so that the ad- 
hesion of irritating aspirin to the gastric mucosa 
cannot readily occur 

Advantages of Anhydride Over Aspirin Relative 
to Intestinal Absorption and Prolonged Action.— 
Feinblatt and Ferguson (14) have shown that within 
four minutes after the disintegration of a capsule 
in a fasted stomach, the capsule contents are in the 
process of leaving the stomach. Edwards (11) 
has measured the dissolution of aspirin, with agita- 
tion, of the 500-cc. covering liquid and has shown 
that, under these excellent solution-mixing con- 
ditions, only 0.6 of the aspirin in a 5-gr. tablet can 
be dissolved in three minutes at pH values of 1 to 2. 
This clearly indicates that with the less ideal agita- 
tion afforded by the empty or resting stomach, 
even less of the aspirin will be solubilized in the 
stomach, that a large fraction of the aspirin 
will find its way into the upper intestine prior to 
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solution, and even more than this fraction will 
enter the duodenum prior to absorption into the 
blood. 

Edwards (11) has concluded that the absorption 
process of aspirin is extremely rapid and could be 
regarded as substantially complete within a few 
minutes of the aspirin dissolving; and that for aspi- 
rin taken in tablet form the rate-controlling process, 
for analgetic action resulting from blood concentra- 
tion, is the dissolution within the stomach and in- 
testine. The assumption was made that transfer 
rate was diffusion controlled rather than equilibrated 
with the blood on the blood side of the lipoid barrier. 
This may not be valid, since aspirin maxima in the 
blood are reached two hours after ingestion (15) 
Edwards considered the general case of all aspirin 
being able to diffuse which according to the Brodie, 
Hogben, Shore studies (16) is not so; only the un- 
dissociated aspirin may diffuse through the lipoid 
barrier. 

It can be shown (Appendix, case C) that the gen- 
eral expression for the calculation of the concentra- 
tion of an ionizable material in the blood, C:, at 


time ¢ is: 
+ v/e 
| ) 


0.434 DAt{[1 — + [1 — (Eq. 30) 
where Cy is the concentration in the gastrointestinal 
tract in a volume, v, where the material has an a 
degree of dissociation; where the volume of the 
blood, V, is in instantaneous equilibrium and the 
degree of dissociation therein is az; where D is the 
diffusion constant, and fA is the thickness, and A 
the effective area of the epithelial layer. On use of 
Edwards’ parameters the Eq. 30 becomes for two 
5-gr. tablets dispersed in the upper intestine or 
jejunum in a volume of » = 500 cc. 


log 13/ } 1.3 —C [G = +6]{ 


4.17 X % {(1 )0.5+(1 — a,)3} (Eq. 31) 


where ¢ is in seconds. 

Two probable conditions to consider are pH 6 or 
7 for the intestine in equilibrium with material at 
pH 7 of the blood. The degrees of dissociation, 
a and a2, may be calculated at these pH values for 
aspirin of a pK’. = 3.8 by 


a = autilog (pH — pK’,)/[1 + i - 
pK’.)] (Eq. 32) 


so that Eq. 31 reduces to the form 


log [1.3/(1.3 — qe2)] = rt (Eq. 33) 
where ¢ is in minutes and if the intestinal contents 
are at pH 6.0, l-a, = 6.2 K 10°73, = 6.1,r = 4.73 
x 10~*; and if the intestinal contents are at pH 
7.0, l-a = 6.2 X 10-4, gq = 7, andr = 5.21 X 
10~*. 

The aspirin content of the blood, VC:, for pH 6 and 
7 of the intestine, as a function of time is shown in 
Fig. 7 for one and two 5-gr. tablets in 500 cc. of 
intestinal volume. 

The concentration of total salicylate (aspirin and 
aspirin anhydride) in the blood for a saturated solu- 
tion of aspirin anhydride, C, = 0.03211 Gm./L. 
at 37.5°, in an intestinal volume, 9 = 500 cc., is 
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w/V where w may be given by (see Appendix, case 
B): 
VC.DA \ 
DA 


and where k = 3.85 X 10~* sec.~' is the first-order 
rate constant for the hydrolysis of aspirin anhydride. 

On use of Edwards’ parameters (11) Eq. 34 be- 
comes 


(Eq. 34) 


+ | 


w(Gm.) = 0.0123¢ + 0.0296(1 — e~*5™) (Eq. 35) 


where ¢ is in minutes. The contribution of aspirin 
anhydride to the total salicylate concentration in 
the blood will not exceed 1.78 K 107° Gm./ce. since 
it is so readily hydrolyzed in solution to aspirin. 
The rate of diffusion of aspirin anhydride through 
the intestinal wall is constant for this steady state 
condition reached within ten minutes and is (see 
Appendix, case C). 


w(Gm.) = 0.01231 (Eq. 36) 


where ¢ is in minutes. 

The calculated values plotted in Fig. 7 clearly 
show that aspirin anhydride in the intestine provides 
aspirin to the blood at a much faster rate than aspi- 
rin at concentrations given by two or one 5-gr. tablets 
per 500 cc. of intestinal volume, at intestinal pH 
values of 6 or 7.! The total acetylsalicylate ap- 
pearance from aspirin anhydride is independent of 
the intestinal pH, volume, or number of tablets in 
the intestine; its rate is a constant as long as suffi- 
cient anhydride is available to exceed the low solu- 
bility. The pH of the intestine ranges from 6 to 7 
and thus it can be concluded that the acetylsali- 
cylate appearance rate from aspirin is at least inter- 
mediate between curves B and D of Fig. 7. 

Table III gives salicylate blood levels at several 
time intervals on the basis of different intestinal 
conditions. Metabolic elimination was assumed to 
be inoperative from both the gastrointestinal tract 
and the blood in the calculation of these values. 


Figure 7 and Table III may not give the true 


TaBLe III.—-ACETYLSALICYLATE CONTENT OF pH 7 
BLoop tn Ga./L. AS A FUNCTION OF TIME FROM 
ASPIRIN AND ASPIRIN ANHYDRIDE IN THE INTESTINE 


500 ce. Intestinal Volume——— 
Aspirin 
—— Anhydride 
10 Any@ 
Intestinal 
7 Any 
.030 
051 
256 
420 
4.11 


——-Gr./ 


0 
0.0110 
0.051 
0.071 
0. 106° 


0.0022 
0.013 
0.021 
0.130 
0. 185° 


212° 
10,000 


@ Total transfer of 5 gr. of aspirin anhydride is accom- 
plished within twenty-four minutes; of 10 ar. within fifty 
minutes. Hydrolysis to aspirin in intestine and metabolic 
elimination are ignored. 

+ Maximum blood concentration achievable due to the 
necessary equilibrium between intestinal contents and blood. 
Metabolic elimination is ignored. 


! Dr. W. L. Miller, Jr., of these laboratories has confirmed 
this prediction of higher aspirin blood levels from aspirin 
anhydride oral administration over aspirin oral administra 
tion in humans and will publish his findings shortly 
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Fig. 7.—-Appearance of acetylsalicylate in the 
blood from aspirin and its anhydride at several in- 
testinal pH values and concentrations. Curve A 
is for aspirin anhydride at any pH and at any 
dosage in excess of saturation. Curve B is for two 
5-gr. tablets of aspirin in 500 cc. of intestinal fluid 
at pH of 6 whereas curve C is for one such tablet. 
Curve D is for two 5-gr. tablets of aspirin in 500 cc. 
at an intestinal pH of 7. 


values of blood concentration because of the prob- 
able invalidity of the assumption that the blood is 
in instantaneous equilibrium with the material in 
the lipoid barrier. However, the relative values 
should be valid for comparison of total acetylsali- 
cylate blood levels from aspirin and aspirin anhydride. 
However, the aspirin maxima in the blood from 
aspirin ingestion calculated on these bases are 
reached in about two hours after ingestion. This 
fact is consistent with experimental evidence, with 
the postulated importance of intestinal absorption, 
and the pH dependence of aspirin absorption in the 
intestine. It is inconsistent with the results of 
Edwards’ premise (11) of pH independent absorption 
in the gastrointestinal tract, that aspirin absorption 
into the blood is virtually instantaneous 


SUMMARY AND CONCLUSIONS 


|. Aspirin anhydride, as well as being a non 
acidic drug, fulfills other rational criteria for a 
superior aspirin dosage form. From the physico- 
chemical evidence: (a) Aspirin blood levels from 
aspirin anhydride will be higher than from aspirin 
ingestion due to the latter’s relatively slow, pH 
dependent absorption from the intestine. This 
should be most pronounced at low stomach reten- 
tion times, e. g., with fasted individuals. (6) The 
salicylic acid content in the gastrointestinal fluids 
and in the blood will be higher at any time from 
aspirin ingestion than from the ingestion of 
aspirin anhydride. This is due to the routes of 
hydrolysis of these two substances. 
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2. The heterogeneous hydrolysis of aspirin 
anhydride has been studied at several tempera- 
tures and its aqueous solubilities have been deter- 
mined. Complete equations have been presented 
for the hydrolysis of this material at the physio- 
logical temperatures and pH values. 

3. Procedures have been developed to deter- 
mine aspirin, aspirin anhydride, and salicylic 
acid spectrophotometrically. 

4. The solubility equilibrium procedure pre- 
sented will permit the estimation of aspirin in 
aspirin anhydride without the need of a primary 
standard. The procedure has been applied. 


APPENDIX 


Derivation of Equations for Calculation of Diffu- 
sion of Amounts of Various Aspirin Derivatives 
from the Intestine into the Bloo 


Edwards (11) has assigned values to the necessary 
parameters to calculate the concentration of aspirin 
in the blood on diffusion through the intestinal wall. 
He concluded that the rate-controlling process for 
analgetic action in the blood is the dissolution of 
aspirin within the stomach and intestine. How- 
ever, the basic premise of his calculations and con- 
clusions was that all aspirin in the intestine diffuses 
into the blood stream. This is not believed to be 
the case; only undissociated aspirin may be pre- 
sumed to diffuse through the lipoid barrier (16). 

The General Case.—Fick’s law of diffusion 
(17) states that the quantity dw diffusing across 
A cm.*-of area in time dt with a concentration 
gradient of (C’, — C’,)/h may be expressed mathe- 
matically by 


dw/dt = —AD(C’; — (Eq. 1) 


The following figure shows that w Gm. of material 
can be transported across fA cm. of intestinal wall 
with a total area of A cm.? and a diffusion constant 
of D cm.*/sec. when the total concentration of the 
material is C,Gm./cc. ina volume, 2, in the intestine, 
and where the concentration is C; Gm./ce. in a 
volume V of the blood. 


in; 


A 


The material balance in the intestine and blood 
can be expressed by 


vy = vl, + VC, (Eq. 2) 


where C, is the original concentration of the material 
in the intestine at time ¢ = 0, prior to diffusion. 

All calculations are to be based on Edwards’ 
parameters, i. e., two 5-gr. tablets are dispersed in the 
upper intestine or jejunum in a volume of »v = 500 
ce., giving an apparent Cp = 1.3 107% Gm./cc., 
where D = 1.2 X 10-°cm.?/sec., A = 3 X 10% cm.?, 
V =3 X 10'cce.,andh = 2.5 X cm., and homo- 
geneous dispersion in the blood is assumed. 

Case A. Diffusion Through the Intestinal Wall 
of Undissociated Ionizable Materials.—-The amount 
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diffused through the intestinal wall at a time ¢ is 


w= CV (Eq. 3) 


but the actual concentration gradient is set up by 
undissociated molecules so that if a is the degree 
of dissociation at the pH of the intestine and a 
at the pH of the blood, then the effective concentra- 
tion of diffusable materials is (1 — ai)C; so that the 
concentration gradient in this case is actually 


(C's C’,) {(1 a) Cs 


(1 — (Eq. 4) 


Substitutions of eqs. 3 and 4 into 1 and using the 


value of C. as calculated from Eq. 2, and rearranging 
in integrable form, we have 


Cs 


which integrates to 


nal ja-a[(=2) 


DAt\|1 — + [1 — V} /hvV 


dCs 
Ch — alv + {l V} 


‘DA 
f, # 


(Eq. 5) 


(Eq. 6) 


Substitution of the appropriate numerical values 
cited permits the simplification of Eq. 6 to 


4.17 — a2)0.5 + (1 — (Eq. 7) 
Case B. Diffusion Through the Intestinal Wall 
of Material at Constant Soluble Concentration, Cs, 
in the Intestinal Contents, Which Is Transformed 
at a Finite Rate to Nondiffusible Material in the 
Blood.—If the concentration of diffusible material 
in the intestine is a constant, i. e., C’; = C, = 3.2 
x 10-* Gm./ce. (solubility of AA at 37.5°) as when 
the amount available exceeds its solubility, and if 
this material is readily transformed in the blood 
at concentration C, to a nondiffusible charged ma- 
terial of concentration C,; by first-order kinetics, 
then 
dC,/dt = kC; (Eq. 8) 
where k = 3.85 X 10~* sec.~! at 37.5° and the con- 
centration gradient in this case is 
(C's — C’,)/h = (C2 — G)/h (Eq. 
The amount diffused through the intestinal wall 
at a time ¢ is 
w= + (Ea. 19) 
so that on substitution of Eqs. 9 and 10 into 1 


Vd|C. + C,|/dt = 
—DA‘C, — C,)/h 


dw/dt = 
(Eq. 11) 


When Eq. 8 is used, rearrangement results in the 
linear equation 


d(C./dt + |k + (DA)/(VhA)|G = 
(DAC,)/(Vh) (Eq. 12) 
The integrating factor is * 


elt + MAIVMIE Sy that Eq. 12 may be integrated 
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between the limits 0 and C2, 0 and ¢, rearranged and 
simplified to 


= 
DAC, 


(Vat + Da} 


(Eg. 13) 
Substitution of the appropriate numerical values 
cited permits the simplification of Eq. 13 to 
1.2C, 
(250k + 1.2) 
1.78 X 10-5 {1 — 


(Eq. 14) 


To calculate the total amount, w, of material 
that passed through the membrane, Eq. 13 or 14 
may be substituted into Eq. 11 and integrated be- 
tween the limits 0 and w, 0 and ¢, 

~ [Vhk + 
DA 
|Vhk + 
VDA 
[Vik + DA} 


+ C2} (Eq. 15) 
Substitution of the appropriate numerical values 
cited permits the simplification of Eq. 15 to 


w 


Osc, 
+ 


75k + 3.6 X 10-2 

36 X 10 
75k + 3.6 X 107? 


= 20.5 + 2.96 X 
10 = ¢ 8.66 


4.8 X 10-34) yf 
\ 


lo” at 


(Eq. 16) 


Case C. The Steady State of Case B.— When 
t > 690 sec., the second factor in Eq. 14 approaches 
unity so that the steady state concentration of ma 
terial not transformed to C; is 


C. = 1.2C,/(250k + 1.2) = 1.78 ¥ 


Gm. /ece., > 600 (Eq 


Thus, the steady state diffusion through the i 
testinal wall from Eq. 11 becomes 


dw/dt = 20.4 X 10°* Gm./sec. (Eq 
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Prediction of Stability in Pharmaceutical 
Preparations 


Stability, Products, and Mechanism in the Pyrolytic Degradation of 


Aspirin Anhydride 


By EDWARD R. GARRETT, EDWARD L. SCHUMANN, and 
MARVIN F. GROSTIC 


The effects of crystallizing solvent and moisture on the 
aspirin anhydride were studied by infrared spectroscopy. 


yrolytic degradation of 
he unexpected effects of 


“soft glass”-catalyzed surface decomposition were observed. Micronization, dry- 


ing, and avoidance of contact with alkali increased the thermal stability. 


A mecha- 


nism of acyl transfer in the formed melt adequately explains the products identified 


T= APPLICATION OF prediction stability to 

pharmaceuticals that degrade by solvolytic 
processes is generally quite straightforward 
The degradation may usually be assigned to 
pseudo zero- or first-order kinetics and the clas- 
sical laws of physicochemical kinetics are quan- 
titatively applicable (1-5). When ma- 
terials, as powders or in admixtures of powders, 
are studied for stability prediction, the manner 


solid 


and rates of degradation may be more complex 
Appropriate treatment of the data may not give 
as elegant a quantitative prediction as for ma 
terials in solution but can give good estimates 
and proper ranking of various alternate prepara- 
tions 

Properly designed, frequently assayed accel 
erated stability studies may permit the evalua 
tion of assay methods and of artifacts giving 
erroneous assay. 

There is physical chemical evidence that as 
pirin anhydride is a superior form for the oral 
administration of aspirin (6, 7). Since logical 
dosage forms are as tablets or powders, the pre 
diction of stability in these forms is of interest 
This paper reports on these stability studies and 
the products and mechanism in the pyrolytic 
degradation of aspirin anhydride 


EXPERIMENTAL 


Initial Design for Study of Pyrolytic Stability of 
Aspirin Anhydride in Soft Glass.._Twenty-five 
milligrams of aspirin anhydride were weighed out 
in 15 X 45-mm. glass vials (Kimble Opticlear) 
with press fit polyethylene caps. Twenty of each 
lot were placed in large sealed ointment-type jars 
each of which was submerged beneath the oil of 


* Received May 21, 1959, from 
The Upjohn Co., Kalamazoo, Mich 

The prior paper in this series is given in reference (1) 
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by isolation and infrared studies. 


70, 60, 50, and 40° constant temperature baths. 
Ten vials of each lot were left at room temperature 
and in a refrigerator at 4°. 

The material was assayed by dissolution in 5 cc. 
CHCl, and evaluation of the resultant infrared 
spectra in the 1,600-1,850 cm.~' region. The 
spectral carbonyl region of possible hydrolytic or 
other end products of aspirin anhydride degrada- 


tion, i. e., acetic anhydride, aspirin (asp), and 
salicylic acid (sal) is given in Fig. 1. Estimates of 
the nonpyrolyzed purity of aspirin anhydride 


(AA) have been made from a 3-component assay 
at 1,782 em.~', 1,700 cm.~', and 1,668 cm.~' using 
supposedly pure components as standards. 

The first three lots studied in this manner are 
given in Table I 

Pyrolytic Degradation of Aspirin Anhydride in 
Soft-Glass Vials._A typical example of the change 
of carbonyl spectra with time on the pyrolytic deg- 
radation of aspirin anhydride is given in Fig. 2, 
ie., lot I at 60°. Three pertinent wavelengths for 
observation are obviously at 1,787.5 (where absorb- 
ance decreases on pyrolysis), 1,737.5, and 1,700 
em.~' (where absorbances increase on pyrolysis). 
An apparent isobestic point can be observed at 
1,755 cm.~! 


STUDIES ON ASPIRIN 
ANHYDRIDE 
Recrystal- 
lization 
Lot Comments Solvent H,04, % 


I Original I. R. as 
say 100.0%, 
negligible asp 
and sal 


Isopropyl 1.21 
alcohol- 
acetone 


II Salvage material 
from many lots. 
assay 
94.65 AA,0.6% 

asp, negligible 

sa 

Ill Purity >99% by 
solubility analy- 
sis in ethylace- 
tate-n-heptane, 
1:10, 100.1% 
AA by L. R. 


Is« ypyl 
alcohol 
acetone 


No weight 


kk SS 


Diethyl 
ether 


No weight 


loss 


@ By weight loss at 0.01 mm. Hg, twenty-five hours at 
room temperature. 
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ABSORBANCES OF 25 MG /5CC CHC!, SOLUTIONS 
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Fig. 1.—-The carbonyl region infrared spectra of 
aspirin anhydride and hydrolytic products of 
amounts equivalent to 25 mg. aspirin anhydride in 
5 cc. CHCl: aspirin anhydride , aspirin -- --, 
salicylic acid , acetic anhydride- -- - -- - 
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i 
750 700 1650 
WAVE NUMBER CM” 
The carbonyl region infrared spectra of 
aspirin anhydride (lot 1) degraded at 60° in “‘soft”’ 
glass vials. The amount of aspirin anhydride was 
25 mg.; the spectra were run in 5 ce. of CHCl. 


Fig. 2. 


Comparison of Fig. 2 with Fig. 1 definitely shows 
that salicylic acid is not a product of the pyrolytic 
degradation since there is no appearance of a 1,668 
em.~! salicylic acid band in Fig. 2. 

Although the aspirin spectra of Fig. 1 may account 
for part of the end product at three hundred and 
sixty hours, it obviously does not account for the 
whole since the absorbance at 1,700 cm.~! is much 
less than the absorbance at 1,750 cm.~' in Fig. 2. 
These absorbances are almost equivalent for aspirin 
in Fig. 1. 

The three hundred and sixty-hour spectra (Fig. 
2) subsequently changed little with time. The 
nature of any change was a decrease in absorbances 
at all frequencies, indicating volatilization or loss 
of end product rather than any subsequent trans- 
formation. 


SCIENTIFIC 


EpITION 


Typical plots of absorbance vs. time at 1,787.5 
cm.~! are given in Fig. 3 for the several temperatures 
of degradation. The three lots, I, II, and III did 
not show any highly significant differences in 70 
and 60° degradation and the plot of only one, lot 
I, is given in Fig. 3. The curves did not fit zero- 
order or first-order type plots in their entirety. The 
best characterization would be an initial linear loss 
of absorbance with a subsequent logarithmic or 
first-order type loss. 


ABSORBANCE AT 17875 CM™' OF 25 MG/5CC CHCl, 


70° 


400. 
TIME IN HOURS 

Fig. 3.—Pyrolytic degradation of typical aspirin 

anhydride lots in ‘‘soft"’ glass as measured by the ab- 

sorbance of 25 mg. in 5 cc. CHCl, against time at 
1,787.5 cem.~!; lot I O, lot Il @. 


However, at 50 and 40° a distinct difference 
among lots in loss of absorbance with time can be 
observed. Although lots Il and III demonstrated 
similar degradation rates at these temperatures 
(only plots for lot Il are shown in Fig. 3), lot I 
degraded at a dramatically greater speed. 

Inspection of the rate of absorbance increases at 
1,700 and 1,737.5 cm.~! as given in Fig. 4 showed 
similar phenomena. All three lots similarly de- 
graded at 70 and 60° and lots II and III degraded 
similarly at the other temperatures. However, lot 
I degraded at a much faster rate than the other two. 
This is most clearly shown in the 50° studies at 
these wave numbers. 

Visual observation of the degradation allowed 
the following conclusions. The appearance of 
liquid occurred rather quickly and within twenty- 
four hours at 70° complete liquefaction had set in. 
At the lower temperatures, change in carbonyl 
spectra could be qualitatively correlated with the 
degree of liquefaction; lot I being completely lique- 
fied much before the others. With decomposition, 
acetic acid or acetic anhydride could be smelled. 

In an attempt to manufacture a large amount of 
pyrolytic end product 10 Gm. of lot I was sealed 
within a Carius tube and submerged in the 70° bath.' 
Inspection of the curves (Fig. 3) had indicated that 
complete transformation should have occurred 
within seven days. The material was completely 
liquefied within two to three days. However, an 
infrared spectrum of the resultant carbonyl region 
was not the same as that for three hundred and sixty 
hours at 60° in Fig. 2 or four hundred and thirty-two 


' This work was performed by Dr. E. C. Olson of our 
laboratories. 
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ABSORBANCE OF 25 MG/S5CC 


300 400 500 
TIME IN HOURS 
Fig. 4.—Pyrolytic degradation of typical aspirin 
anhydride lots in “‘soft'’ glass as measured by the ab- 
sorbance of 25 mg. in 5 cc. CHCl, against time at 
1,700 and 1,737.5 cm.~'; lot 1 O; lot II @. 


hours at 70° in Fig. 5. The probably erroneous 
initial conclusion was that it was impure aspirin 
anhydride; the carbonyl region spectra were similar 
to that given for the anhydride of acetylsalicoyl 
salicylic acid in Fig. 6 

In addition, 10 Gm. of lot I were heated in a 
Pyrex tube at 70° for one week with a slow stream 
of air passing through the material. Volatile ma- 
terials were trapped and identified as water and ace- 
tic acid.' The material did not liquefy. Infrared 
identified it as slightly decomposed aspirin anhy- 
dride 

Comparison of the Pyroly* Stability of Aspirin 
Anhydride in ‘‘Soft’’ and ard”? Glass Con- 
tainers.——As previously, 25 mg. of aspirin anhydride 
was weighed out in the glass vials, i. e., “‘soft’’ glass. 
Similarly, the material was weighed out in Pyrex 
or so-called “hard” glass. These latter were sealed 
with corks wrapped in aluminum foil 

A dramatic difference was observed in the pyro- 
lytic degradation of material in these two types of 
containers. This is graphically shown in Fig. 7 
where the aspirin anhydride from the same lot 
pyrolyzed in “‘soft’' glass showed large changes 
in carbonyl spectra at 1,787.5 cm.~' compared to 
those pyrolyzed in “hard” glass at both 70 and 50°. 

Three lots (see Table I1) of anydride showed no 
difference among themselves when pyrolyzed in 
“hard” glass at 50 and 70°. However, in ‘“‘soft”’ 
glass, anhydride recrystallized from absolute ethanol 
showed a definitely worse stability (lot V) over ma- 
terial finally recrystallized from Skelly B-ether (lot 
IV) and Skelly B-ethyl acetate (lot VI). These 
facts indicate that ethanol of solvation is difficult 
to remove from the anhydride and may not be the 
recrystallization solvent of choice even though the 
nicest appearing and largest crystals resulted from 
this solvent 
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Fig. 5.—The carbonyl region infrared spectra of 
aspirin anhydride and possible pyrolytic end prod- 
ucts of amounts equivalent to 25 mg. aspirin an- 
hydride in 5 cc. CHClh: aspirin anhydride -- - -; 
end product of 70° pyrolysis at four hundred and 
thirty-two hours ; acetylsalicoylsalicylic acid 

acetic acid -- 


ABSORBANCES OF SOLUTIONS EQUIVALENT TO 25 MG 
ASPIRIN ANHYDRIDE /SCC CHCis 


1750 1700 1650 
WAVE NUMBER CM” 

Fig. 6.—The carbonyl region infrared spectra of 
aspirin anhydride and a possible pyrolytic inter- 
mediate, equivalent to 25 mg. aspirin anhydride in 
5 ec. CHCl: aspirin anhydride 2,2’-bis(2- 
acetoxybenzoyloxy )benzoic anhydride - - - -. 


To check the effect of the plastic cap, finely ground 
plastic caps were placed in contact with anhydride 
in the “hard” glass containers. No difference in 
degradation rate from the material alone in “‘hard”’ 
glass could be observed. 

Comparison of Pyrolytic Stability of Micronized, 
Nonmicronized, and Impure Aspirin Anhydride.— 
The pyrolytic stability of aspirin anhydride was 
studied in screw-cap polyethylene containers. The 
material was subjected to varying temperatures and 
infrared-spectrophotometrically analyzed as previ- 
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ously described. Properties of the anhydride lots 
studied are tabulated in Table III 

No great difference in pyrolytic degradation 
among lots VII, IX, and X was observed. The 
plots of lot VII, absorbance at 1,787.5 cm.~! vs. 
time for 70, 60, and 50° in Fig. 8 is characteristic of 
all three of these lots. From this it can be concluded 


‘4 


ABSORBANCE AT Cw” OF 25 


Fig. 7.—Comparative effects of Pyrex and “soft” 
glass containers on the pyrolytic degradation of 
aspirin anhydride as measured by the absorbance of 
25 mg. in 5 cc. CHC1; against time at 1,787.5 cm.~!. 
The solid lines are for ‘‘soft”’ glass containers and the 
dashed are for Pyrex: lot IV O; lot V 9; lot VI @. 


TABLE II.—CHARACTERIZATION OF Lots USED IN 
COMPARISON OF ‘‘Sort’’ AND ‘‘Harp’’ Giass Con- 
TAINERS ON PyROLYTIC STABILITY OF ASPIRIN 


I. R. Assay 

AA, Aspirin, Reerystallization 

% Solvents 

0.1 3X from ethyl ace- 
tate-Skelly B 
2:3; 1X from 
absolute ether- 
Skelly B 2:1 

2X from ethyl ace- 
tate-Skelly B; 
2:3; 1X from ab- 
solute ethanol 

2X from ethylace- 
tate-Sk lly B; 
2:3; iX from 
acetone-Skelly B; 
1:1; 1X from 
ethylacetate- 
Skelly B; 1:1 


101.0 


100.8 0.2 


100.3 0.0 


TABLE III. 
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that the two different solvent mixtures of crystalliza- 
tion, ethyl acetate-Skelly B and acetone-isopropyl 
alcohol, are indistinguishable in their effects on the 
pyrolytic degradation of thoroughly dried aspirin 
anhydride. It is also inidcated that an admixture, 
containing up to 3% aspirin, has no enhanced pyro- 
lytic degradation. However, it must be realized 
that this is not the same case as aspirin impurity 
molecularly dispersed throughout aspirin anhydride. 

A synthetic admixture of anhydride with salicylic 
acid (i. e., 4.8%) does have significantly greater 
pyrolytic degradation rates than aspirin anhydride 
itself. The increased rates of degradation of lot XI 
over lot VII are clearly demonstrated in Fig. 8 at all 
three temperatures. 

Micronized aspirin anhydride with subsequent 
thorough drying demonstrated highly significant 
increases in pyrolytic stability. Lot VIII, which is 
lot VII micronized and redried, shows an astonish- 
ing increase in stability over lot VII at all tempera- 
tures when the pertinent I. R. absorbances are 
plotted against time, as in Fig. 8. 

Preparation of the Possible Products of Pyrolytic 
Degradation.—Six compounds were prepared for 
I. R. spectrophotometric comparison with thermally 
decomposed aspirin anhydride: Acetylsalicoylsali- 
cylic Acid, CywH mol. wt. 300.3.—This sub- 
stance was prepared by the method of A. Einhorn 
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Fig. 8.—Comparison of the pyrolytic degradations 
of crystalline, micronized, and salicylic acid-con- 
taminated aspirin anhydride in polyethylene bottles. 
The absorbance of 25 mg. in 5 cc. CHCl; was meas- 
ured against time at 1,787.5 cm.~'; lot VII, crystal- 
line aspirin anhydride ©; lot VIII, micronized 9; 
lot XI, aspirin anhydride plus 4.8% salicylic acid@. 


CHARACTERIZATION OF Lots USED IN COMPARISON OF MICRONIZATION, NONMICRONIZATION, 


AND ASPIRIN AND SALICYLIC ACID IN ADMIXTURES ON THE PyROLYTIC STABILITY OF 


2X from ethyl acetate-Skelly B, 
2:3 


Same as lot VII with a subsequent 
recrystallization 2X from ace- 
tone-isopropy]! alcohol 

Synthetic batches derived from 
lot VII + salicylic acid + as- 
pirin 


Dried overnight at room tem- 
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0.1% salicylic acid 


Remarks 


perature at 2 mm. of Hg, 
then 24 hr. at 2mm.; 0.02% 
wt. loss 

101% AA 

0.2% aspirin 

0.1% salicylic acid 
96.6% AA 

2.6% aspirin 
salicylic acid 
95.1% AA 

0.7% aspirin 

4.8% salicylic acid 


wt. loss 0.08% 


¥ 
— 
. 
- 
v4 y 4-4--.__ 
| 
4 
OF. 
‘\ 
4 
020 
\ 
200 400 600 800 1000 1200 1400 1600 
TIME IN HOURS 
| 
ro. ~ 
Uneorr., 040 ; 
Lot °C 3 e\\ \ 
» 
aie O20- \ > 60° 
2 V 83-85 ‘ » 
010 * 4 
‘ VI 84-86 
Pom 
ASPIRIN ANHYDRIDE 
Vill 
x 
XI 
Fl . 


688 JOURNAL OF THE AMERICAN PHARMACEUTICAL AssocIATION Vol. XLVIII, No. 12 


(8) who reported a melting point of 161-162°. Ma- 
terial obtained in this study melted at 163-165° 
(uncorr.) after recrystallization from benzene and 
95° ethanol 

2,2'-Bis( 2-acetoxybenzoyloxy)-benzoic Anhydride, 
CuHeOy, mol. wt. 582.4.—A mixture of 9.0 Gm 
(0.03 mole) of acetylsalicoylsalicylic acid in 15 ml 
of methylene chloride and 2.4 Gm. (0.03 mole) of 
pyridine was stirred and cooled in an ice bath during 
the addition of a solution of 1.8 Gm. (0.015 mole) of 
SOC}, in 10 ml. of methylene chloride over a five- 
minute period. The mixture was maintained at 
5-8° and stirred fifteen minutes longer, then poured 
over a mixture of 100 ml. of crushed ice and 15 ml 
of 10% HCl and mixed thoroughly 

The methylene chloride layer was separated, dried 
over MgSO,, and evaporated. The residue, which 
crystallized on standing, was recrystaliized twice 
from ethyl acetate-Skelly B (1:1) to give 5.7 Gm 
(65°7) of fine, white needles, melting point 142-144° 
(uncorr. 

Anal.——Caled. for C, 65.98; H, 3.81 
Found: C, 65.95; H, 3.83 

Mixed Anhydride of Aspirin and Acetic Acid, 
mol. wt. 222.2—This compound and the 
mixed anhydride of acetylsalicoylsalicylic and acetic 
acids are very labile, decomposing at room tempera- 
ture to give the expected symmetrical anhydrides 
No satisfactory carbon-hydrogen analyses were ob- 
tained due to decomposition and loss of varying 
amounts of acetic anhydride. 


A solution of 18.0 Gm. (0.1 mole) of aspirin in 
600 mil. of anhydrous ether was treated, via a gas 
inlet tube, with excess ketene. The ketene was pro- 


duced in a Hurd generator (9) 

Solvent was removed at room temperature by a 
dry nitrogen stream and the residual colorless oil 
was stored at 0° until used for I. R. analysis 

Pyrolysis of the mixed anhydride was effected by 
heating the material on the steam bath under re- 
duced pressure (ca. 40 mm. for 90 minutes).  Trit- 
uration of the residual oi! with 1:1 ethyl acetate- 
Skelly B and seeding gave a 46° yield of aspirin 
anhydride 

Mixed Anhydride of Acetylsalicoylsalicylic and 
Acetic Acids, O03, mol. wt. 342.3.—A solution of 
6.0 Gm. of acetylsalicoylsalicylic acid in 200 ml. of 
anhydrous acetone was treated with ketene as de- 
scribed above and worked up in the same way. The 
residual oil was stored at 0° until used 

Material which was allowed to stand at room tem- 
perature decomposed to give 2,2’-bis(2-acetoxy- 
benzoyloxy )-benzoic anhydride 

Disalicylide and Trisalicylide-—These products 
were prepared by pyrolysis of aspirin at 300-350° 
at 10-15 mm., using the procedure of Baker, Ollis, 
and Zealley (10) 

Infrared analysis showed no trace of these com- 
pounds in any of the decomposed aspirin anhydride 
samples examined 

Isolation of Acetylsalicoylsalicylic Acid from De- 
composed Aspirin Anhydride.—Acety|salicoylsali- 
cylic acid was isolated from decomposed moist as- 
pirin anhydride, lot 1, pyrolyzed at 70° for three 
weeks in the presence of soft glass, in the following 
manner: 

An ether sclution of decomposed aspirin anhydride 
was extracted with 5°; aqueous NaHCQ, and the 
bicarbonate solution was acidified with acetic acid 


and extracted with ether. The ether solution was 
dried over MgSO, and then evaporated to give crude 
acetylsalicoylsalicylic acid which was almost identi- 
cal to authentic material 

2,2’-Bis( 2-acetoxybenzoyloxy )-benzoic anhydride 
could not be isolated from the complex of aspirin 
anhydride decomposition products. 


DISCUSSION 


Three aspects of these studies on aspirin anhydride 
are to be considered. The first is the effect of mois- 
ture, solvent, alkali, purity, and micronization on the 
stability of aspirin anhydride and the conditions for 
maximum stability. The second is a _ proposed 
mechanism of acyl exchange for the pyrolytic deg- 
radation of aspirin anhydride and its consistency 
with the observed changes in infrared spectra of the 
carbonyl region as compared to the infrared spectra 
of compounds that could result from acyl inter- 
change. The third is the further evidence from iso- 
lation of degradation products and comparison of 
complete infrared spectra 

Stabilization of Aspirin Anhydride Against Pyro- 
lytic Degradation.—-It is apparent that water con- 
tamination increases the thermal instability of as- 
pirin anhydride even in amounts as low as 1% 
This is aptly demonstrated by the plots of Fig. 3 
for lots I and II 

Material in contact with “soft,” or high alkali 
content, glass has the greater pyrolytic instability. 
This is demonstrated by the curves of Fig. 7 
Comparison of the curves of Fig. 8 for polyethylene 
with those of the “‘soft’’ glass containers of Fig. 6 
also substantiates this point 

Contamination with salicylic acid adversely af- 
fects the pyrolytic stability as can be seen in Fig. 8. 

It can be concluded from the above facts and other 
observations given in ‘‘Experimental”’ that the pyro- 
lytic degradation of aspirin is initiated on the surface 
of the crystals, that it is catalyzed by the higher 
alkali content of contacted “‘soft’’ glass, that the 
surface-formed products lower the melting point, 
originally ca. 84°, to form a melt. The pyrolytic 
degradation proceeds at a faster rate within the 
melt 

When aspirin anhydride centains moisture (as in 
lot 1) or is contaminated by solvent (as presumed in 
lot V), liquefaction and thus pyrolytic degradation 
is accelerated. Under these conditions and espe- 
cially when alkali is present for catalysis, as in ‘‘soft”’ 
glass, no induction period may be readily apparent 
(Fig. 3). However, when the anhydride is thor- 
oughly dried, of high purity, and not in surface con- 
tact with alkali, its pyrolytic stability is greatly 
enhanced, as with lots VII and VIII in Fig. 8; the 
induction period becomes obvious. Any material, 
such as salicylic acid, which significantly lowers the 
melting point and abets liquefaction will favor in- 
stability. 

Removal of the initial products of pyrolytic deg- 
radation of aspirin anhydride, for example, acetic 
anhydride or acid, or unbound or released solvent 
as by a stream of heated air, inhibits liquefaction and 
stabilizes 

The increased stability of micronized anhydride 
over unmicronized (lot VIII over VII in Fig. 8) or of 
small crystals from ethyl acetate-Skelly B over the 
large crystals from ethanol crystallization (lot VI over 


A 
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lot V in Fig. 7) are unexpected phenomena. This is 
especially so in the former case where lot VII showed 
negligible weight loss on drying (0.02%). A pos- 
sible explanation is that large crystals are solvates 
or contain trapped solvent, that smaller or fractured 
crystals are more liable to lose this solvent of crys- 
tallization when subject to higher temperatures. 
Thus the melting points would not be lowered as 
much so that it is more difficult to produce the 
“melt"’ wherein pyrolytic degradation is accelerated. 

Thus, to gain maximum stability to pyrolytic deg- 
radation, the aspirin anhydride should not be con- 
taminated with salicylic acid, should be thoroughly 
dried, and micronization is highly desirable. Since 
contact with alkali or Bronsted-type bases may 
catalyze the decomposition, the absence of contact- 
ing alkaline surfaces should promote stabilization. 

Removal of the products of pyrolysis, as by hot air 
stream, which could promote liquefaction and deg- 
radation will stabilize 

The studies on lot VII (Fig. 8), a dry pure ma- 
terial, show that for a 10° temperature decrease from 
70 to 60°, the estimated linear degradation rate after 
the induction period decreased to '/; its prior value. 
For the 10° decrease from 60 to 50° the similarly 
estimated linear degradation rate is decreased to '/\» 
its prior value. This indicates that the apparent 
overall heat of activation for the processes of pyro- 
lytic degradation is of high magnitude. If a de- 
crease to '/j the value is postulated for the next 
10° decrease in temperature, infrared assay should 
not be able to demonstrate any significant pyrolytic 
degradation for more than a year at 40°. Pure, dry 
aspirin anhydride should be indefinitely stable at 30° 
by this criterion. Consideration of the additional 
phenomenon of the lengthening induction period 
with lowered temperature makes this estimate a 
conservative one 

Proposed Mechanism for the Pyrolytic Degrada- 
tion of Aspirin Anhydride.—Aspirin anhydride (1) 
with high moisture content (lot 1) produced acetyl- 
salicoylsalicylic acid (VII) and acetic acid (VIII) in 
large yield as the final products of pyrolytic deg- 
radation. 
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The infrared spectra of the carbonyl region for 
aspirin anhydride pyrolytically degraded were 
highly consistent with the carbonyl region spectra 
of VII plus a partial contribution from the carbonyl 
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spectra of acetic acid which was also present. This 
is clearly shown in Fig. 5. 

When large amounts of dry aspirin anhydride 
were heated at 70° for a period of a week, a melt re- 
sulted. The carbonyl region spectra were not con- 
sistent with VII but with the anhydride of acetyl- 
salicoylsalicylic acid (V) i. e., 2,2’-bis(2-acetoxy- 
benzoyloxy )-benzoic anhydride. 
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C=O 
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Vv 
Initial opinion as based on the I. R. was that the 
melt was slightly impure aspirin anhydride, I, since 
the 1,787.5 cm. ~' band was still prominent although 
reduced in intensity and no band had appeared at 
1,700 em.~! which had been characteristic of the 
pyrolytic end products, i. e., VII (see Fig. 2). This 
is, of course, inconsistent with the fact of liquefac- 
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Fig. 9.—Partial infrared spectra in chloroform 
solution, concentration 0.59%. A.—acetylsalicoyl- 
salicylic acid. B.—aspirin anhydride, lot I, com- 
pletely degraded at 70°. C.—2,2’-Bis(2-acetoxy- 
benzoyloxy )-benzoic anhydride. D.—anhydrous 
aspirin anhydride degraded at 70° for forty-eight 
hours in the presence of powdered soft glass. The 
dashed line is the absorption of the mixed anhydride 
of aspirin and acetic acid. 
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tion. However, Fig. 6 clearly shows that the car- 
bony! infrared of this large anhydride V is consistent 
with the postulate that the melt is a mixture of I and 
V. Comparison of the curve of Fig. 6 with those of 
Fig. 2 shows that V is consistent with the carbonyl 
spectra of partially degraded material 

The possibility of the existence of V as an inter- 
mediate in the degradation of moist aspirin anhy- 
dride is also consistent with the forms of the rate 
plots of degradation, particularly in Fig. 4. The 
spectra at 1,700 cm.~' continue to show large 
changes when that at 1,737.5 cm.~' (or even at 
1,787.5 cm. ~' in Fig. 3) shows small or none. This 
indicates the production of an intermediate, prob- 
ably V, which is again transformed, probably by 
water to VII 

The degradation of the wetter lot I differed from 
lot Il by showing a more definitive change in ab- 
sorbance for 1,700 and 1,737.5 cem.~'. The absorb- 
ance of lot Il remained at much lower values than 
for lot I at these frequencies 

In a specific case where dry, pure aspirin anhy- 
dride (lot VIL) was admixed with powdered soft 
glass and heated at 70°, liquefaction occurred read 
ily After a week, a chloroform solution of ma 
terial showed a definite shoulder at 1,800 cm.~', a 
band of much higher frequency than in the carbonyl 
region of compounds I, V, and VII 

The possible derivative of aspirin anhydride with 
such a frequency was found to be the mixed anhy- 
dride of acetic acid and acetylsalicylic acid, I 


0 


O—C-—-CHy, 


O—CCH,; 


CH, 


It is also probable that the mixed anhydride of 
acetic acid and acetylsalicoylsalicylic acid V1 would 
have a similar carbonyl spectrum and that the mixed 
anhydride of aspirin and acetylsalicoylsalicylic acid 
Ill would have a carbonyl spectrum similar to I 
and V 


CH,CO 


Acetic anhydride (IV) is also a product of the 
pyrolytic degradation of aspirin anhydride 


oO 


CH;C—O—C CH; 
IV 


A mechanism for the pyrolytic degradation of 
aspirin anhydride consistent with the above facts 
would be acyl interchange with the ultimate prod- 
ucts prior to hydrolyis, being acetic anhydride (IV) 
and the anhydride of acetylsalicoylsalicylic acid (V) 
A scheme which could represent all possible acyl 
exchanges is given in Fig. 10 where the solid lines 
represent the consequences of acyl exchange of the 
designated compound with aspirin anhydride, which 
should be in excess throughout the major part of 
the degradation. The two arrows from each com- 
pound represent the products of exchange. The 
reverse of the arrowed directions give the other pos- 
sibilities, where one of the products would be aspirin 
anhydride and the other would be the compound at 
the origin of the arrows. The dashed lines represent 
the two products of acyl interchange of a compound 
with itself 

Of course, intramolecular acyl exchange is also 
possible with the monomolecular product of I being 
the mixed anhydride of acetic acid and acetylsali- 
coylsalicylic acid (VI). 

The subsequent products of acyl exchange could 
be as diagrammed in Fig. 11. Two additional pos- 
sible exchanges not covered by Figs. 10 and 11 are: 
VI + Il —— II + IV and VI + Ill I+ V 

The buildup of the anhydride of acetylsalicoyl- 
salicylic acid (V1) and acetic anhydride (TV ) as prod- 
ucts of pyrolytic degradation can be readily con- 
cluded from these charts. The presence of ex- 
tremely small amounts of water could yield acetyl- 
salicoylsalicylic acid (VII) and acetic acid (VIII), 
since IV and V in the “melt” are readily hydrolyzed. 

Further Evidence for Acetylsalicoylsalicylic Acid 
(VII) and 2,2'-Bis(2-acetoxybenzoyloxy )-benzoic 
Anhydride (V) as End Products of Aspirin Anhydride 
Pyrolysis.—The complete infrared spectra in chloro- 
form solution of acetylsalicoylsalicylic acid (VII) 


A" 


Fig. 10.—The products of acyl exchange. The 
solid arrows represent the two products of acyl ex- 
change of a compound with aspirin anhydride. The 
dashed arrows represent the two products of acyl 
exchange of a compound with itself 
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Fig. 11.—The products of acyl exchange from an 
initial intramolecular exchange, I —~ VI. The solid 
arrows represent the two products of acyl exchange 
of a compound with aspirin anhydride. The dashed 
arrows represent the two products of acyl exchange 
of a compound with itself. 
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and the end products from moist aspirin anhydride, 
lot I, degradation at 70°, are identical (see Fig. 9, A 
and B) 

In addition, acetylsalicoylsalicylic acid (VII) was 
isolated from this pyrolyzed aspirin anhydride and 
identified. 

A comparison of the spectra in chloroform solution 
of 2,2’-bis(2-acetoxybenzoyloxy benzoic anhydride 
(V) and aspirin anhydride (1), degraded at 70° for 
forty-eight hours, was almost identical. The slight 
spectral difference in the degraded aspirin anhydride 
spectrum can be explained by the presence of a small 
amount of mixed anhydride such as the mixed anhy- 
dride of aspirin and acetic acid (II) (see Fig. 9, C 
and D). 

The dashed line in Fig. 9D shows the spectra of 
the mixed anhydride of aspirin and acetic acid (I1). 
It is readily seen that the additional high-frequency 
carbonyl band at 1,805 cm.~' in the degradation 
product can be attributed to intermediate mixed an- 
hydrides. The mixed anhydrides of aspirin-acetic 
acids and acetylsalicoylsalicylic-acetic acids have 
similar carbonyl frequencies in chloroform solution 
of 1,805, 1,758, 1,753, and 1,805, 1,740 cm.~'!, re- 
spectively. Both anhydrides can be represented by 
the dashed curve in Fig. 9D. The special drying of 
the aspirin anhydride prior to degradation reduced 
the possibility of hydrolytic decomposition, thus 
making it possible for the mixed anhydrides to per- 
sist longer than usual in this case. The relatively 
short decomposition time combined with ground 
“soft” glass catalysis allowed the existence of mixed 
anhydrides to be detected before their complete 
disproportionation to symmetrical anhydrides. A 
longer period of heating or a higher temperature 
would have led to complete destruction of the mixed 
anhydrides and the formation of the usual decom- 
position end products.? 

? This was shown by the fact that hydrolysis of the de 
composition complex by boiling a 1-Gm. sample with water 
for three hours resulted in a mixture of salicylic acid, aspirin, 


and acetylsalicoylsalicylic acid by I. R. analysis. These 
products support the proposed mechanism of pyrolysis 


ScrenTIFIC EpITION 


The Stability of Acetylsalicylic Acid in Suspension* 


By SEYMOUR M. BLAUG and JEREMII W. WESOLOWSKI 


The effect of temperature and concentration on the hydrolysis rate of acetylsalicylic 
acid suspensions was studied. As would be expected for a zero-order reaction 


SUMMARY 


1. It is shown that dry aspirin anhydride in 
the absence of base at 40° and possibly also at 
50° is stable indefinitely. The pyrolytic de- 
composition of aspirin anhydride is accelerated 
by alkalies or by impurities that will cause as- 
pirin anhydride to melt and come in contact 
with basic surfaces, such as “soft” glass. 

2. It is definitely indicated that aspirin 
anhydride crystals are readily solvated, that 
solvation enhances pyrolytic degradation. Mi- 
cronization and subsequent drying favor in- 
creased stabilization to heat. 

3. Pyrolytic degradation above 50° does not 
reflect ease of degradation below 35° since as- 
pirin anhydride pyrolysis has a very high heat 
of degradation, i. e., great changes in degrada- 
tion rate with temperature 

4. Infrared investigations of products, iso- 
lated and in the degrading melt, show the pres- 
ence of all possible products of acyl transfer. 
In moist systems the end products of the py- 
rolysis of aspirin anhydride are acetylsalicoyl- 
salicylic acid and acetic acid. In anhydrous 
systems the mixed and symmetrical anhydrides 
of these two acids are the major products. 
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the more concentrated suspensions showed a longer half-life. The effect of additives 
on the stability of the aqueous suspensions was evaluated. Fifty per cent (w/v) 
crystalline sorbitol exerted the most pronounced stabilizing action. It raised the 
half-life of an aqueous suspension containing 6.5 Gm. of —e acid in 100 


T= IMMENSITY of the problem involved in pre- 

paring a liquid dosage form of acetylsalicylic 
acid can be summed up in the observation of Fried- 
lander and Feinberg (1) * Acetylsalicylic acid 
should never be used in aqueous solution because 
of its instability.” Acetylsalicylic acid in aque- 


* Received May 11, 1959, from the State University of 
lowa, College of Pharmacy. lowa City 


ml. of water from 1,748 hours to 3,396 hours at 25° 


ous media will hydrolyze almost completely 
less than one week. 

Edwards (2, 3) made a thorough study of the 
kinetics of acetylsalicylic acid hydrolysis. He 
found the hydrolysis rate to be pseudo first order, 
the net velocity being a function of six possible 
reactions. The pH at which the greatest stabil- 
ity was obtained was between pH 2-3. This 
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represents the pH of a saturated acetylsalicylic 
acid solution 

Garrett (4) extended Edwards’ study to several 
acyl esters of salicylic acid in an attempt to cor- 
relate the interdependence of solubility and rate 
of degradation of saturated solutions. If the 
degradation of homogenous solution is first order, 
the saturated solution should be zero order. 

The hydrolysis of acetylsalicylic acid depends 
upon the amount of acetylsalicylicacid in solution, 
hence suspensions of acetylsalicylic acid show a 
low degree of hydrolysis relative to the total 
amount of drug in suspension. K. C. James (5) 
found that a 6 per cent unbuffered aqueous ace 
tylsalicylic acid suspension, after storage for 
forty-seven days at room temperature contained 
89 per cent of the drug. 

Various techniques have been recommended for 
preparing a more stable acetylsalicylic acid solu- 
tion. Clark (6) developed a formula containing 
potassium citrate that will give a “minimum of 
hydrolysis."" Organic solvents such as ethanol, 
propylene glycol, and glycerin solubilize the acid, 
but the disadvantage to their use lies in the fact 
that most patients will not find any of these sol 
vents palatable. Schwarz, et al. (7), have de- 
veloped an acetylsalicylic acid elixir which, ac- 
cording to the authors, holds promise as a pedi 
atric preparation. The formula recommended 
uses as solvent a blend of ethanol and polyethy! 
ene glycol 400. At the end of twenty-four days, 
17.7 per cent of the acetylsalicylic acid hydrolyzed 
in this solvent 

A recent formulation (8) of an acetylsalicylic 
acid suspension has been found “ to be stable 
for one month without excessive hydrolysis.” 
According to the authors, crystalline sorbitol, 
when used in combination with other ingredients, 
exerted a pronounced stabilizing effect on the 
suspension. Sorbitol has been used to stabilize 


vitamin C and By preparations (9), the action 
being attributed to two possible causes; the re- 
duced availability of water in the sorbitol solution 
or complex formation between sorbitol and the 
drug. 

The objectives of this investigation were to 
study the kinetics of acetylsalicylic acid suspen- 
sions and the effects of various additives on the 
stability of the suspension. 

Higuchi, et al. (10, 11), have reported on the 
interaction of acetvlsalicylic acid and salicylic 
acid with several of the additives used in this 
study. 


EXPERIMENTAL 


Reagents.—Recrystallized acetylsalicylic acid, 
salicylic acid, calcium gluconate; reagent grade 
phosphoric acid, dibasic sodium phosphate, glycerin, 
and commercially available crystalline sorbitol, 
polyethylene glycol 6000, polyvinylpyrrolidone, and 
N-methyl-2-pyrrolidone 

Procedure.—An absorption curve for acetyl- 
salicylic acid and salicylic acid was prepared using 
buffer (pH 3.0) as the solvent. Maximum ab- 
sorption at this pH occurred at 275 my for acetyl- 
salicylic acid and at 298 my for salicylic acid. 

Acetylsalicylic acid, 6.5-Gm. portions, 100 mesh 
and 60 mesh, were accurately weighed into 125-ml. 
glass-stoppered wide-bottom flasks. To each flask 
was added 100 ml. of buffer solution composed of 3 N 
phosphoric acid adjusted to pH 3.0 with 3 N di- 
basic sodium phosphate. This pH was chosen 
because it is the pH of a saturated acetylsalicylic 
acid solution. At pH 3.0 the solubility of acetyl- 
salicylic acid is approximately 4.22 Gm./L. (4). 
Buffer solutions were added at the same tempera- 
tures used ir ‘he hydrolysis study 

The flasks were immersed in a mechanical shaker 
constant temperature bath accurate to +0.5°. The 
hydrolysis rate was studied over a twenty-four-hour 
period at temperatures of 46, 50, and 60° by with- 
drawing aliquot portions of the supernatant liquid 
at zero time and at four-hour intervals thereafter, 
using a sintered-glass funnel attached to a pipet, 
diluting with buffer solution, and analyzing for 


Tasie Errect oF TEMPERATURE ON THE HypROLyYsis RATE OF 
ACETYLSALICYLIC ACID SUSPENSIONS* 
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A-D contain 6.5 Gm. acetylsalicylic acid/100 mi. E-H contain 13.0 Gm. acetylsalicylic acid /100 ml. 
@ The AH ionization for water was calculated to be 12.928 Keal. in the temperature range studied 


® Values at 25° calculated from knowledge of AHa 


as 
Size Hr Mole 
A 25° 0 1169.0 44.52 
100 0 1200 44.80 
B 60 46 0 207 43.88 
100 0 20 45.14 
60 1.71 10 44.52 
100 1.76 10 45.81 * 
| 60 60 7.16 2 45.64 ; 
100 7.35 2 46.89 : 
0.273 132 28.89 
0.913 39 28.31 
1.58 22 28.88 
5.37 61 30.06 
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salicylic acid spectrophotometrically at 298 mu. 
The same procedure was repeated on suspensions 
containing 13.0 Gm. of 60-mesh acetylsalicylic acid. 
All suspensions were prepared in duplicate. Results 
are shown in Table I and in Figs. 1, 2, and 3. The 
thermodynamic values reported in Table I were 
obtained from plotting log k vs. 1/T and calculated 
from the following equations: 


(a) AF = —RTINK 


AF —SH _ 


(db) 1 


AS 


The effect of additives on the stability of acetyl- 
salicylic acid suspensions was evaluated by preparing 
varying per cent solutions of the agents under inves- 
tigation in the buffer solution. Glycerin and sorbi- 
tol were also prepared in distilled water in order to 
explain more fully the reported (8) stabilizing action 
of sorbitol on acetylsalicylic acid suspensions. 

Acetylsalicylic acid, 6.5-Gm. portions, 60-mesh, 
were accurately weighed into 125-ml. glass-stoppered 
wide-bottom flasks. To each flask was added 100 
ml. of solution of the agent under investigation. 
Solutions were added at 50° and the flasks were 
immersed in a mechanical shaker constant tem- 
perature bath adjusted to 50° (+0.5°). All sus- 
pensions were prepared in duplicate. 

Aliquot portions of the supernatant liquid were 
removed at zero time and at four-hour intervals 
thereafter and diluted with buffer solution to a 
volume which enabled spectrophotometric determin- 
ation of salicylic acid. Samples were taken over a 
twenty-four-hour period. Agents studied and re- 
sults are shown in Table II and in Fig. 4. 


TaBLe II.—-Errect OF ADDITIVES CN THE Hv- 
DROLYSIS OF ACETYLSALICYLIC ACID SUSPENSIO: = 


Concen- 
tration, 
(w/v) 
Compound % 
Distilled water 
Buffer pH 3.0 
Calcium gluconate” 
Glycerin 
Glycerin’? 
N-Methyl-2-pyrrolidone 
Polyethylene glycol 6000 
Polyethylene glycol 6000 
Polyethylene glycol 6000 
Polyvinyl pyrrolidone 
Polyviny!pyrrolidone 
Polyvinylpyrrolidone 
Polyvinylpyrrolidone 
N-Methyl-2-pyrrolidone | 
Polyvinylpyrrolidone 
N-Methyl-2-pyrrolidone { 
Salicylic acid ( 
Sorbitol, crystalline 
Sorbitol, crystalline’ 


) 
) 
) 


26.5% suspensions of 100-mesh acetylsalicylic acid pre - 
pared in pH 3.0 buffer at 50° except where otherwise noted. 

+6 Prepared in distilled water. . 

¢ Obtained from a plot of acetylsalicylic acid concentration 
vs. time. ? 

1/, = a/2k (a= initial acetylsalicylic acid concentration). 


DISCUSSION 


Acetylsalicylic acid suspensions prepared in an 
aqueous solvent exhibited a longer half-life than the 
corresponding suspension prepared in a pH 3.0 
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HOURS 
‘Hydrolysis of acetylsalicylic acid suspension 
(6.5% w/v). 


ACETYLSALICYLIC acid x 10' 


HOURS 
—~Hydrolysis of acetylsalicylic acid suspension 
(13% w/v). 


Fig. 2. 


buffer. This was due to the lower final pH (2.5) 
of the unbuffered suspension. 

It was found that the polyethylene glycol 6000 
and polyvinylpyrrolidone exhibited apparently 
dramatic stabilizing effects on acetylsalicylic acid 
in suspension. However, on closer investigation it 
was found that an insoluble gummy precipitate 
formed which was very difficult to redisperse. 
Previous workers (10, 11) reported that P. E. G. 
6000 and polyvinylpyrrolidone formed soluble com- 
plexes with salicylic acid at 30°. At the tempera- 
ture ised in this study the complex formed probably 
has a lower solubility than it does at 30°. This will 
be verified in another study now under way. There- 
fore, the hydrolysis constants obtained are only 
indicative of the salicylic acid not present in the 
insoluble complex. 
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65% (00 MESH 
‘30% 60 MESH 


0 940 ‘ 
50 su 
10° 
Fig. 3.-The effect of temperature on the hydrolysis 
rate of acetylsalicylic acid suspensions 


N-Methyl-2-pyrrolidone enhanced the solubility of 
acetylsalicylic acid, therefore an increase in hy- 
drolysis rate was observed 

Calcium gluconate accelerated the hydrolysis of 
acetylsalicylic acid in suspension because of the 
high pH of the aqueous solution. This was con- 
trary to the reported (12) stabilizing action of cal- 
cium gluconate on aqueous acetylsalicylic acid 
preparations 

Acetylsalicylic acid suspensions were prepared in 
which the supernatant liquid was saturated with 
salicylic acid. This procedure was without effect 
on the hydrolysis rate 

The effect of glycerin was studied in aqueous and 
buffered suspensions. In both cases glycerin was 
found to increase the hydrolysis rate to a signifi- 
cant degree. Since the hydrolysis rate is directly 
proportional to the concentration of acetylsalicylic 
acid in solution, the increased hydrolysis rate was 
probably due to the better solvent action of the 
glycerin-water solution 

Fifty per cent crystalline sorbitol in aqueous 
acetylsalicylic acid suspension exerted a pro- 
nounced stabilizing action. The half-life was raised 
from 1,748 hours to 3,396 hours at 25°. Even in 
the buffered suspension there was some stabilizing 
action but it was not as great as in the unbuffered 
suspension. A _ separate investigation is being 
conducted on the action of sorbitol on the stability 
of several medicaments 
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4 
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Fig. 4.—Hydrolysis of acetylsalicylic acid suspen- 
sion at 50° in: A, 50% sorbitol (w/v) in water 
B, water alone C, 50% sorbitol (w/v) in pH 3.0 
buffer. D, pH 3.0 buffer alone. 


As would be expected for a zero-order reaction the 
more concentrated suspension showed a longer half- 
life. Since the hydrolysis rate is independent of 
the total acetylsalicylic acid concentration and de- 
pendent on the amount of acetylsalicylic acid in 
solution, the acetylsalicylic acid hydrolysis would be 
smaller in proportion to the total acetylsalicylic 
acid concentration, for the more concentrated sus- 
pension. 
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Steroidal Sapogenins LV* 


Survey of Plants for Steroidal Sapogenins and Other Constituents 


By MONROE E. WALL, C. S. FENSKE, J. W. GARVIN, J. J. WILLAMAN, 
QUENTIN JONES, BERNICE G. SCHUBERT, and H. S. GENTRY 


This report covers the fifth 1,000 accessions in a survey of plants for steroidal sapo- 


genins and is thus a continuation of the previous four reports (1-7). Data are given 
for 990 accessions (all but 107 from the United States), representing 147 families, 
547 genera, and 921 species. Few steroidal sapogenins were found, largely be- 
cause of the absence of Agave, Yucca, and Dioscorea; but alkaloids were qualitatively 


T= IS A CONTINUATION of the previous reports 

(1-7) on the first four 1,000 accessions. It 
covers the fifth 1,000 plant samples in our survey 
of the plant world for steroidal sapogenins, and 
includes qualitative results for flavonoids, alka- 
loids, tannins, and unsaturated sterols. 


PROCUREMENT 


By 1954 the search for plant sources of steroidal 
sapogenins by the three cooperating federal agencies 
had been in operation for approximately four years. 
Leads developed during this period indicated that 
the three genera, Dioscorea, Agave, and Yucca, were 
the most promising sources of useful steroidal 
sapogenins. Procurement activities in the latter 
part of this period reflected the attention focused on 
these genera and their near relatives. Representa- 
tives of many other families were examined but the 
major emphasis became centered on the Dioscore- 
aceae, Amaryllidaceae, and Liliaceae. 

The present report chronicles a different phase of 
of the program. Species of Dioscorea had been 
settled upon as having the most potential for be- 
coming crop sources of cortical and hormonal 
analogs. Intensive crop development studies by 
the Crops Research Division, guided in the selec- 
tion of superior strains by chemical evaluations 
supplied by the Eastern Utilization Research and 
Development Division, had naturally become an 
increasingly important phase of the program. But 
because Dioscorea, Agave, and Yucca had by this 
time been rather thoroughly screened for steroidal 
sapogenins, procurement activities were directed 
once more toward a broad survey of the higher 
plants with the hope of finding a steroid-rich species 
more amenable to crop conditions of the United 
States than are species of Dioscorea. 

The logical place to look for species which are 
apt to fit crop environments of this country is in 
our native flora. Of the 990 accessions here re- 
ported on, all but 107 were collected in the United 
States. Collecting was concentrated in the Atlantic 
= Received August 4, 1959, from M. E. Wall, C. S. Fenske, 

W. Garvin, and J. J. Willaman of Eastern Regional Re 
search Laboratory, Eastern Utilization Research and De- 
velopment Division, Agricultural Research Service, U. 5 
Dept. of Agriculture, Philadelphia 18, Pa., and Quentin 
Jones, Bernice G. Schubert, and H. 5S. Gentry of New Crops 
Research Branch, Crops Research Division, Agricultural 
Research Service, U. S. Dept. of Agricuiture, Beltsville, Md. 

A substantial part of the cost of publication of this survey 
was contributed by the United States Department of Agri- 
culture. 


identified in 86 species, 45 of which are new to the record. 


695 


States as evidenced by over 800 accessions here 
listed from that area. 

Another reflection of the broadness of the screen- 
ing program during this period is the large number 
of families, genera, and species represented. In- 
cluded are 921 species in 547 genera distributed 
through 147 families. This same philosophy of 
obtaining broad coverage of our native flora con- 
tinues with other areas of the country receiving 
increasingly more emphasis in our procurement 
activities 


REVISED ALKALOID PROCEDURE 


In previous reports we were conducting the 
Mayer alkaloid tests on samples in which each ml. 
of final test solution was equivalent to 0.2 Gm. of 
original dry plant sample. Because we were ob- 
taining a much larger proportion of negative alkaloid 
tests than expected from statistical averages, we 
have greatly increased the concentrations used so 
that 1 ml. of final test solution is equivalent to 4.0 
Gm. of dry plant material. Thus the revised pro- 
cedure is much more sensitive for the purposes of 
alkaloid screening. 


RESULTS 


A compilation of all data is given in Table I, page 
696, et seq. Since in the past steroidal sapogenins 
were found mostly in Agave, Yucca, and Dioscorea, 
and since in the present collection these genera were 
represented by only six collections, the table, as 
previously used, has been modified by the omission 
of the columns concerning sapogenins. Their pres- 
ence is indicated by footnote ) and the details are 
reported in the text. 

Saponins, as indicated by hemolysis, were found 
in only 10% of the species. This is a surprisingly 
low incidence, since in the previous 4,000 accessions 
the occurrence was 35° of the species exclusive of 
those in Agave, Dioscorea, and Yucca. The follow- 
ing list gives the information on the steroidal sapo- 
genins found; the accession number, the plant, the 
plant part, the amount, and kind of sapogenins: 
4127, 4705 Dioscorea deltoidea (Dioscoreaceae); r, t; 
0.5 and 1.2%; diosgenin. 4138 Dioscorea quater- 
nata; r; 0.5%; diosgenin. 4653 Clintonia umbellu- 
lata (Liliaceae); 1, s, r; 0.1%; not determined. 
4678 Trillium flexipes (Liliaceae); |, s, fr; 0.3%; not 
identified. 4713B Cestrum sp. (Solanaceae); fr; 
0.5%; tigogenin. 4743 Tribulus terrestris (Zygo- 
phyllaceae); 1, s, fl; 0.3%; tigogenin. 
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CORRECTIONS ON ACCESSIONS 


CORRECTIONS ON SECOND 1,000 AccEssIons (4) 
Acces. 


VITACEAE 
XYR!DACEAE 


w 
< 
aj 
S 
> 


ZINGIBERACEAE 


No 
1997 
1999 
1709 


Page 
14 
14 


27 


Acces. 
No. 

2328 

2249 


Page 
4 
13 


CORRECTIONS ON 
Acces. 
No. 
3341 
3104 
3112 
3115 
3129 
3168 
3174 
3358 
3359 
3360 
3369 
3547 
3551 
3736 
3737 
3738 
3739 
3742 
3745 


Page 
655 
656 
665 
665 
665 
665 
665 
666 
666 
666 
666 
668 
668 
669 
669 
669 
669 
669 
669 
669 
669 
669 
669 
669 
670 
670 


ZYGOPHYLLACEAE 


Should Read 
Dioscorea spiculiflora 
Dioscorea floribunda 
Cercocarpus 


CORRECTIONS ON 1,000 Accessrions (6) 


Should Read 


Agave lecheguilla, var. Dioscorea 
Mexicana 


FourtuH 1 000 Accessions (7) 


Should Read 
Agave deserti 
Agave roesliana 
Dioscorea floribunda 
Dioscorea floribunda 
Dioscorea plumifera 
Dioscorea floribunda 
Dioscorea cf. floribunda 
Dioscorea bulbifera 
Dioscorea bulbifera 
Dioscorea bulbifera 
Dioscorea Mexicana 
Dioscorea floribunda 
Dioscorea floribunda 
Diescorea convolvulacea 


Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 


Acalypha 


convolvulacea 
convolvulacea 
densiflora 

n. Sp. 
convolvulacea 
convolvulacea 
Mexicana 
convolvulacea 
galeottiana 
lobata var. morelosana 
convolvulacea 


Sp. 
670 
670 
673 
678 
678 
679 


Acalypha sp 
Alchornea 
Yucca filamentosa 

In Phytolaccaceae 
Polystichum acrostichoides 
Poterium sanguisorba 


Cc. 


Brunswick Co., N. C. 
Wake Co., N. C. 


<7 


Washington Co., Md. 
Monongalia Co., W. Va. 
Brunswick Co., N. C. 
Tingo Maria, Peru 


Wake Co., N. C. 
Wake Co., N. C. 
Wake Co., N. 
Brunswick 


Clarke Co., Ga. 
Pulaski Co., 


Flavonoids were found in 96 species, of which at 
least half seem to be new to the record. 

Alkaloids were found in 86 species, an incidence of 
about 9°, of the total. This is higher than noted in 
previous series, due largely to the change in tech- 
nique mentioned above. Most of the species were 
wild plants growing in the eastern United States. 
Some 45 species are new to the record. 

Tannins were again conspicuously absent from 
150 species of Compositae. There were no note- 
worthy occurrences of tannin except in Rhus, and 
here it is expected 

Unsaturated sterols have proved to be so ubi- 
quitous that the test for them was made on only a 
portion of the accessions. 


6 See text for steroidal sapogenins found. 


fformis 


REFERENCES 


Parthenocissus quinquifolia 


Vitis rotundifolia 


Verbena urticifolia 
Vitis vulpina 


Viola papilionacea 
Phaeomeria speciosa 


Viola pedata 

Viola striata 
Ampelopsis arborea 
Tribulus terrestris 


Verbena simplex 
Cissus sp. 


Verbena rigida 


Xyris di 
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A Pharmacological Study of Gamma-Thujaplicin® 


By JOHN E. HALLIDAY 


Gamma-thujaplicin a tro- 
polone derivative occurring in western red cedar, has been studied pharmacologi- 


cally in the form of its sodium salt (T-Na). 


It has been found to exert a combination 


of stimulant and depressant actions on the mammalian central nervous system and 

only depression in frogs. Stimulant effects, in the form of convulsions shown to be 

of cerebral origin, are evident only in untreated animals. Certain signs of depression 

can also be observed in untreated animals while further depressant actions are re- 

vealed only in animals which have been treated with narcotic drugs. T-Na reduces 

the responses of isolated frog skeletal muscle and antagonizes the action of some 
stimulant drugs on isolated intestinal muscle. 


Gn THUJAPLICIN (2-hydroxy-5-isopropyl- 
2,4,6-cycloheptatrien-l-one) is one of three 
isomeric isopropyltropolones which occur in the 
heartwood of western red cedar (Thuja plicata 
D. Don.). The term tropolone is used to desig- 
nate the seven-membered carbon ring compound 
2-hydroxy-2,4,6-cycloheptatrien-l-one, deriva 
tives of which are relatively rare in nature. The 
thujaplicins, which were the first naturally- 
occurring compounds to be characterized con- 
clusively as monocyclic tropolones (1) and are the 
simplest of the natural tropolone derivatives, 
have the following structures: 


H,C CH; 


CH, 
CH 


Nu’ 
e-Thujaplicin 8-Thujaplicin y-Thujapli 
cm 
Other substances found in nature containing the 
tropolone structure include the mold metab- 
olites stipitatic and puberulic acids, and the 
alkaloid colchicine (2). 
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The chemistry of the thujaplicins and other 
tropolone derivatives has been studied quite 
extensively (2, 3). Antimicrobial studies of the 
thujaplicins have shown that all of the isomers 
possess antifungal and antibacterial properties 
and it is interesting to note that their antifungal 
activity has been given as the reason for the 
durability of cedar wood (4, 5, 6). The only 
pharmacological studies of thujaplicins which 
have been reported appear to be those by Lee 
(7, 8, 9) and other Japanese workers (10, 11, 12) 
on §-thujaplicin. This isomer is commonly 
called hinokitiol by the Japanese, who obtain it 
from the tree known as Formosan hinoki (Cha- 
maecyparts tatwensis, Masamune et Suzuki— 
Chamaecyparis obtusa, Sieb. et Zucco. F. Formo- 
sana, Hayata). Lee found that its actions were 
largely depressant in nature though low concen- 
trations may stimulate some organs, e.g., iso- 
lated heart and rabbit uterus. It was suggested 
by Katsura (13), who has summarized Lee's 
work, that §-thujaplicin is nerve-muscle 
poison related in its actions to camphor and thu- 
jone, and other terpene compounds. Since there 
is a lack of pharmacological information on 
y-thujaplicin, and since supplies of this isomer 
were available, the present investigation was 
undertaken 

Gamma-thujaplicin was obtained as a white 
crystalline substance melting between 79 and 
80°. As the free substance is only slightly 
soluble in water, the sodium salt was used in the 
experiments described here. This was precipi- 
tated from a concentrated solution of y-thuja- 
plicin in alcohol by the addition of a freshly 
prepared alcoholic solution of sodium ethylate. 
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The precipitate was collected and dried, then 
powdered and washed with successive portions 
of anhydrous ether, and again dried, to give a 
yellow powder. y-Thujaplicin sodium (T-Na) 
dissolves readily in water to form alkaline solu- 
tions, the pH of a 1% solution being 8.4. 


EXPERIMENTAL PROCEDURES AND 
RESULTS 


Effects in Intact Animals.— Most of the observa- 
tions of the effects of T-Na in intact, conscious 
animals were made following injection of a 1 or 5% 
aqueous solution into Swiss albino mice, Sprague- 
Dawley rats, and rabbits. Six cats and two dogs 
were also injected 

In all five species of mammals T-Na produced 
convulsions of a mixed clonic and tonic type 
Doses producing convulsions in the various species, 
expressed as mg. per Kg. of body weight, were: mice 
and rats, i. p., 75 to 100, oral, 150 or more; rabbits 
i. v., 25 to 40; catsi. p., 50 to 70; dogs i. v., 30 and 
40. Depending on the dose, one to several convul- 
sive seizures occurred, lasting from five to fifteen 
seconds and recurring at intervals which varied from 
fifteen to ninety seconds. The convulsions were 
preceded by a brief period of ataxia and followed by 
symptoms of depression which included slowing of 
reflexes, decrease in muscle tone and in voluntary 
movement, and absence of certain placing reactions, 
such as the dorsal contact reaction, the chin reac- 
tion, and the edge reflex. During this period the 
animals would lie either prone or on one side, with 
limbs extended and somewhat flaccid. No attempts 
to move or regain a normal position were made 
When the larger animals were placed on their feet 
they collapsed again to a lying position. Righting 
reflexes were reduced but not abolished. In rodents, 
a decrease in respiratory rate, usually accompanied 
by an increase in respiratory depth, was also ob- 
served. In animals in which these effects were 
marked, the appearance was one of slow, labored 
breathing. The duration of the postconvulsive de 
pression varied with the dose, most signs of depres- 
sion disappearing within twenty minutes following 
the last seizure. In rodents, respiration was the last 
function to return to normal, often taking one to 
three hours. When death occurred from the larger 
doses, it was always during the post-convulsive de- 
pressive stage following a period of gradually de- 
clining respiratory activity,and never during the con 
vulsive seizure as is the case with such convulsive 
agents as metrazol 

T-Na was also administered to frogs, either by way 
of the dorsal lymph sac or via the abdominal vein 
Here the effect of T-Na was one of depression only 
Doses of 50 to 500 mg./Kg. caused the frogs to slump 
to a prone position with reduced reflex activity and 
respiratory movements, but no initial stimulant 
effect was observed. Death occurred in all frogs 
which received more than 100 mg./Kg 

Acute Toxicity and Convulsive Dose in Mice. 
The intraperitoneal LDw and convulsive 
dose) were determined in Swiss albino mice which 
had been fasted for twelve hours. For each deter 
mination seven groups of 10 mice each were used 
All deaths were recorded which occurred during a 
period of four days following administration of T-Na 
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The mice in which death was delayed were in a state 
of depression, following convulsions, which deepened 
progressively, terminating in respiratory paralysis. 
There were no deaths after the fourth day. When 
calculated according to the graphic method of Miller 
and Tainter (14) the intraperitoneal LD was found 
to be 162 + 3.2 mg./Kg. and the intraperitoneal 
CDy 73.5 + 1.8 mg./Kg. 

Site of Convulsive Action.—Six Sprague-Dawley 
rats, after ligation of the common carotids under 
ether anesthesia were decerebrated according to 
methods described in the literature (15, 16). Five 
other rats, with the common carotids ligated but 
otherwise intact, served as controls. After allowing 
at least two hours to elapse for elimination of ether, 
T-Na was administered intraperitoneally. Doses 
from 150 to 300 mg./Kg. failed to elicit convulsions 
in any of the decerebrate rats though convulsions 
were produced in all of the control rats, including 
two rats in which the dose was only 100 mg./Kg. 
Decerebrate rigidity, which was present to a marked 
degree in three of the decerebrate rats and to a 
lesser degree in the others, was not significantly 
altered by T-Na. These results, which indicate a 
cerebral site for the convulsant action of T-Na, 
were supported by observations in four decere- 
wate cats used in later experiments for reflex 
studies. No convulsive activity was produced in 
any of these cats by intravenous doses of from 40 
to 75 mg./Kg 

Interaction of T-Na with Hypnotic Agents. 
The possibility that the convulsive action of T-Na 
would antagonize the action of hypnotic drugs 
was investigated by determining its effect on the 
sleeping times of mice following administration of 
pentobarbital sodium, thiopental sodium, and 
chloral hydrate. For comparison with a known 
analeptic agent, the effect of metrazol on the 
sleeping time was also determined. Ten mice were 
used at each dosage level. T-Na was injected 
intraperitoneally immediately following adminis- 
tration of the barbiturates and ten to fifteen minutes 
following administration of chloral hydrate. Sleep- 
ing time was taken as the period from the time 
the mice first could be placed on their backs until 
they could turn from their backs to an upright 
position. The results, shown in Table I, indicate 
that T-Na does not possess analeptic properties. 
In fact, an apparent prolongation of sleeping times 
occurred in some groups when T-Na was adminis- 
tered 

Action on Spinal Reflexes.._The possibility that 
muscle hypotonia seen in animals which had been 
given T-Na was due to depression of interneuronal 
transmission of impulses was investigated by de- 
termining the effect of T-Na on the flexion reflex 
in the cat. Six experiments were performed on cats 
lightly anesthetized with 0.75 cc. to 0.80 ce. of Dial! 
with urethane per Kg. Four experiments were 
performed on decerebrate cats and six on spinal 
cats, prepared under ether anesthesia according to 
methods described by Burn (17). Artificial respira- 
tion was maintained by means of a Palmer variable 
stroke Ideal respirator pump. The method of re- 
cording the flexion reflex was a modification of 
those described by Slater, ef a/. (18), and Kaada 
(19) with reflex contractions of the anterior tibealis 


' Trademark of Ciba Co. Ltd. 
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|.-Errect or T-Na ON DURATION OF SLEEPING TIMES 
PrRopuUCED BY CENTRAL DEPRESSANTS IN MICE 


T-Na 
Depressant mg/Kg 
Dose and Route i. p 
Thiopental Na, 
50 mg./Kg., ip 
200 


Pentobarbital Na 
75 mg./Keg., iv 
200 


Chloral Hydrate 
400 mg./Kg., ip 5O 
100 
200 


@ Number of survivors out of 10 mice injected 


© Number of survivors out of 10 mice injected 


muscle being elicited by stimuli applied every 
twenty-five seconds through a shielded electrode 
secured to the central end of the cut tibeal nerve 
In six experiments responses of the opposite tibe 
alis anterior to stimuli applied at twenty-five- 
second intervals to the peripheral end of the cut 
sciatic nerve were recorded concurrently with the 
flexion reflex. The stimulus used for eliciting the 
flexion reflex consisted of a tetanic induction shock 
of approximately 0.5 seconds duration from an 
inductorium; single break shocks were used for 
sciatic nerve stimulation. In the decerebrate and 
spinal cats at least two hours were allowed to 
elapse between removal of ether and beginning the 
record. The effect of T-Na was compared to that 
of mephenesin, a drug known to inhibit internuncial 
transmission. Both drugs were injected intrave- 
nously 

In the anesthetized cats, T-Na in doses of 30 and 
40 mg./Kg. inhibited the flexion reflex to a degree 
comparable to that produced by similar doses of 
mephenesin (Fig. 1). In the decerebrate and spinal 
cats however, T-Na had an insignificant depressant 
action compared with that produced by mephene- 
sin (Figs. 2 and 3). T-Na had no effect on the 
responses of the contralateral muscle to stimulation 
through its motor nerve 

Action on Frog Peripheral Nerve and Skeletal 
Muscle...The nerve muscle preparation used here 
consisted of the iliofibularis muscle with its attached 
motor nerve and parent sciatic trunk, of which the 
method of isolation and use have been described by 


Fig. 1.—-Anesthetized cat. Action of T-Na and 
mephenesin on tibealis anterior responses. 


Metrazol, 
me./Kg., No. of 


ip Mice Sleeping Time, min 
10 § + 11. 
10 
10 
6" 
10 
10 
10 
10 
10 
10 
10 


100 10 


Mean sleeping time for 5 mice, the remaining 5 mice of this group did not lose the righting reflex. 


Decerebrate cat. Action of T-Na and 
mephenesin (./) on flexion reflex. 


06 mi 


Spinal cat. Action of T-Na (7) and 
mephenesin (/) on flexion reflex 


Quilliam (20). Contractions were recorded with 
the preparation immersed in oxygenated frog 
Ringer’s solution contained in a Palmer horizontal 
muscle chamber. When nerve and muscle were to 
be isolated, one from the other, the bath was divided 
by a specially constructed plexiglass partition 
Stimuli consisted of single break shocks from an 
inductorium and were applied either directly to the 
muscle, to the motor nerve, or alternately to nerve 
and muscle at thirty-second intervals 

When T-Na was mixed into the bathing solution a 
gradual decline in the height of the muscle contrac- 
tions occurred. If T-Na was left in the bath long 
enough the responses would decline eventually to 
zero or close to it. Recovery was slow, even after 
repeated washings, and seldom did the contractions 
regain the original height. Depression of responses 
occurred whether the muscle was stimulated directly 
or via its motor nerve, though responses to nerve 
stimulation were affected to a greater degree. When 
the nerve and muscle were in separate baths it 
was shown that the greater susceptibility of in- 
directly elicited responses was not due to depression 
of conduction in the motor nerve (Fig. 4). 

Action on Blood Pressure and Heart Rate.- 
Blood pressure was recorded from the carotid artery 
in four cats and three dogs, anesthetized with pen- 
tobarbital sodium. Heart rate was determined 
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Fig. 4.—Isolated frog sciatic nerve-ilio-fibularis 
muscle preparation, nerve and muscle in separate 
chambers. Stimulus applied alternately to nerve or 
to muscle directly. This record shows the effect of 
T-Na 20 mg. “% (720) and of T-Na 10 mg. © (710) 
when added to nerve chamber () or to muscle cham- 
ber (m). The m above the record indicates that the 
higher responses are those due to direct stimulation 
of the muscle. 


from cardiograms recorded from lead II on an Edin 
electronic cardiograph, model 210. Intravenous 
injection of T-Na in doses of 25 to 50 mg./Kg. 
produced a temporary fall in blood pressure accom- 
panied by a decrease in heart rate. The extent and 
rapidity of the fall in blood pressure, for a given 
dose, varied with the speed of injection. Both 
effects were more pronounced in cats than in dogs. 
Large doses (50 mg./Kg.), whether injected rapidly 
or slowly, caused complete paralysis of respiration. 
This effect was reversible and respiratory function 
returned after periods of fifteen to twenty minutes 
on artificial respiration (Fig. 5). The hypotensive 
effect remained unchanged after atropinization or 
bilateral section of the vagus. Responses to carotid 
occlusion and to injected epinephrine were not 
altered by an immediately previous injection of 
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Fig. 5.—Anesthetized cat. Action of T-Na(7) on 
respiration, blood pressure, and heart rate (H. &.). 
In B and C artificial respiration was maintained until 
spontaneous respiratory movements were evident. 
Twenty minutes clapsed between A and B, sixteen 
minutes between B and C. 


s 
3 


re 


Fig. 6.—Isolated rabbit ileum. Effect of 10 mg. ¢ 
T-Na (T) on responses to 150 meg. %% nicotine sul- 
fate (NV), 4 meg. “, acetylcholine (A), and 25 mg. % 
barium chloride (8). W is wash. Drum stopped 


T-Na. 
Action on Isolated Intestine.—-Segments of ileum 


from rabbits and guinea pigs were suspended in a 
50-cc. muscle chamber containing oxygenated 
Tyrode’s solution and recordings made of their 
longitudinal contractions. The effect of T-Na 
was determined on spontaneous contractions and on 
the responses to the following intestinal stimulants: 
acetylcholine chloride, histamine acid phosphate, 
nicotine sulfate, barium chloride, and 5-hydroxy- 
tryptamine creatinine sulfate (serotonin). The 
final concentrations of the drugs in the muscle 
bath are expressed as mg. “> of these salts. 

In concentrations of 5 and 10 mg. ‘, T-Na 
depressed spontaneous contractions of both rabbit 
and guinea-pig ileum with little or no effect on tone. 
On rabbit intestine, depression of spontaneous 
movements was much more pronounced when the 
contractions were of high magnitude. The re- 
sponses to all of the stimulant drugs were inhibited, 
but not to the same extent, the responses to nicotine 
being inhibited most easily. On rabbit ileum this 
difference was such that T-Na appeared to be 
almost a selective antagonist of nicotine (Fig. 6) 
On guinea-pig ileum (Fig. 7) and when higher 
concentrations were used on rabbit ileum, a selective 
action against nicotine was less obvious. 


DISCUSSION AND SUMMARY 


The experimental evidence obtained in this 
investigation indicates that y-thujaplicin sodium 
exerts a mixture of stimulant and depressant 
actions on the central nervous system of mam- 
mals. The stimulant component of its action is 
evident only in conscious animals and is manifested 


% T-Na 
% (N), acetyl- 
(A), and serotonin 100 meg. ( 5S). 


Fig. 7.—Guinea ileum. Effect of 5 mg. 
(T) on resp« mses to nicotine 500 meg 
choline 4 meg 
W is wash. 


by convulsions which have been shown to be of 
cerebral origin. In this respect T-Na is similar to 
other volatile, cyclic ketones from natural sources, 
such as camphor and thujone. The depressant 
component of the action of T-Na appears to affect 
various levels of the mammalian central nervous 
system. The abolition of placing reactions observed 
in rats, rabbits, and cats indicates that cortical 
areas are depressed since a strictly localized cortical 
control of these reactions has been demonstrated in 
the cat by Bard (21) and in the rat by Brooks (22). 
In rodents, there was a suggestion that respiratory 
centers might be depressed by T-Na. Other 
depressant effects, which could be observed only 
when T-Na was given to previously narcotized 
animals, included the respiratory paralysis produced 
in pentobarbitalized cats and dogs, and the inter- 
neuronal blockade seen in anesthetized cats but not 
in spinal and decerebrate cats. 

The results of the experiments in which T-Na 
was administered in conjunction with depressant 
drugs to mice show that T-Na is of no value as an 
analeptic. Toxic effects are involved in the altera- 
tion of sleeping times by the 200 mg./Kg. dose of 
T-Na. The prolongation of thiopental and chloral 
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hydrate sleeping times by T-Na in doses of 50 and 
100 mg./Kg. may be further evidence of a central 
depressant action for T-Na. However, since lower 
doses did not alter the sleeping times of all of the 
depressants used, it cannot be generally concluded 
that nontoxic doses of T-Na prolong sleeping times 
produced by depressant drugs 

It has been reported that the central stimulant 
drugs picrotoxin and metrazol also possess some 
central depressant action (23), but compared with 
these useful analeptics, T-Na would appear to have 
a much higher ratio of depressant to stimulant 
activity 

In frogs, the depressant action of T-Na is predom- 
inant and no signs of stimulation could be seen 
when the drug was injected intravenously or intra 
lymphatically. There may be a similarity here to 
the action of camphor, which produces a_ pro- 
nounced paralytic action on the spinal cord of frogs 
which entirely obscures other actions it may have 
higher up in the nervous system (24) 

On other organs and systems which were studied, 
l-Na_ exhibited only depressant effects. The 
temporary hypotension seen in anesthetized cats 
and dogs, and which was intensified when the 
drug was rapidly injected, seems most likely to be 
due to a direct depression of the myocardium re- 
sulting from its exposure to high concentrations of 
T-Na. A central vagal action is ruled out by the 
persistence of the hypotensive response after 
atropinization and bilateral section of the vagi 
Interruption of sympathetic pathways does not 
seem likely since the responses to carotid occlusion 
and exogenous epinephrine were not altered by 
T-Na. On the other hand, bradycardia following 
injection of T-Na paralleled the hypotensive re 
sponse 

Although there was no evidence that T-Na 
inhibited neuromuscular conduction in the cat 
anterior tibealis in situ, there was a suggestion of 
such an action on the isolated frog nerve-muscle 
preparation. On this preparation, contractions due 
to stimulation of the motor nerve were reduced to a 
greater degree than those due to direct stimulation 
of the muscle This, together with the fact that T- 
Na did not inhibit conduction in the motor nerve, 
would appear to indicate a depressant effect at the 
neuromuscular junction. This action, however, is 
not a potent one and develops slowly. It may be 
that another point of similarity in the actions of 
T-Na and camphor is indicated here, since camphor 
has been reported to produce neuromuscular 
paralysis in frogs but not in mammals (25) 

The depressant effect of T-Na on intestinal muscle 
obviously is not due to an atropine-like mechanism 
since atropine antagonizes exogenous acetylcholine 
more readily than it does nicotine, and furthermore, 
it does not prevent the stimulating effect of nico- 
tine on rabbit intestine (26, 27, 28 On both guinea- 
pig and rabbit intestine, T-Na inhibited responses 
to nicotine more easily than those to other intestinal 
stimulants. Since nicotine is the only one of the 
stimulant agents which, when applied exogenously, 
acts primarily to stimulate ganglia, it appears that 


T-Na, as well as depressing intestinal muscle, 
exerts also a depressant effect on myenteric ganglia. 
Naess and Schanche attributed a similar type of 
action on guinea-pig intestine to barbiturates, 
which they found to inhibit nicotine responses more 
than those of other stimulant drugs (29). In view of 
the relatively high concentrations of T-Na required 
and the dissimilarity of structure between it and 
potent ganglionic-blocking agents such as hexa- 
methonium, T-Na does not likely act as a competi- 
tive inhibitor at the ganglia. Instead, this action is 
looked upon as another example of the general depres- 
sive action which has been exhibited on other tissues 
by T-Na 

Although no attempt was made in this investiga- 
tion of y-thujaplicin to duplicate the experiments by 
Lee (7, 8, 9) on 8-thujaplicin, a limited comparison 
of central actions may be made. Lee's reports 
indicate that on the central nervous system of mice, 
guinea pigs, and rabbits, 8-thujaplicin, like T-Na, 
produces a combination of stimulant and depres- 
sant effects. In the case of the beta isomer how- 
ever, the depressant component of the central 
action appears to be more predominant. For ex- 
ample, Lee's results show that subcutaneous doses of 
5OO mg./Kg. of 8-thujaplicin often caused death 
in guinea pigs without previous convulsions 
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Veratrum Alkaloids XXX V* 


The Hypotensive Principles of Cryptenamine, A Veratrum viriae 
Alkaloid Preparation 


By S. MORRIS KUPCHAN and NORBERT GRUENFELD}{ 


Cryptenamine has been reported to have a more favorable ratio of emetic to hypoten- 


sive dose than other veratrum preparations, and the advantageous ratio has 
tributed to the presence of new hypotensive alkaloids. 


at- 
Cryptenamine was frac- 


tionated with the aid of partition column chromatography, adsorption column chro- 
matography, and paper partition chromatography. The known hypotensive alka- 
loids protoveratrine A, protoveratrine B, germitrine, neogermitrine, germerine, and 


germidine were isolated. 


In addition, the relatively nonhypotensive alkaloids jer- 


vine, rubijervine, isorubijervine, and an apparently new noncarbony! alkamine were 

obtained. Paper chromatographic evidence suggesting the presence of the hypo- 

tensive alkaloids germbudine and neogermbudine and the relatively nonhypotensive 
veratramine was also obtained. 


p= veratrum alkaloids and their prepara- 

tions have been administered in recent years 
for the treatment of hypertension. The deter- 
rent to the wider use of these agents in therapy is 
the narrow range between their therapeutic and 
emetic doses (1) 

Cryptenamine, an alkaloidal preparation ob- 
tained from Veratrum viride by a nonaqueous 
benzene-triethylamine extraction procedure has 
been reported to have a ratio of emetic to effective 
hypotensive dose superior to that of other vera- 
trum preparations (2-5). In humans, the diver- 
gence between the hypotensive and the emetic 
doses was most apparent on intravenous ad- 
(5). The satisfactory ambulatory 
treatment of arterial hypertension by oral ad- 


ministration 


ministration of cryptenamine has also been re- 
ported (6). However, Abreu, et al. (7), reported 
in 1954 that cryptenamine did not demonstrate a 
ratio of emetic to hypotensive dose superior to 
that of protoveratrine A when tested in dogs. 

The advantageous pharmacological properties 
of cryptenamine have been attributed to the 
presence of new amorphous hypotensive ester 
alkaloids reportedly lost by hydrolysis during the 
alternative aqueous ammonia-benzene extraction 
procedure (2-4). It was the purpose of this in- 
vestigation to identify the components of cryp 
tenamine which are responsible for its hypoten- 
sive activity. 


EXPERIMENTAL 


Melting points are corrected for stem exposure 
Values of [a]p have been approximated to the near- 
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est degree. Ultraviolet absorption spectra were 
determined in 95°) ethanol on a Cary recording 
spectrophotometer (model 11MS). Infrared spec- 
tra were determined in chloroform solution (unless 
otherwise specified) on a Baird double beam infra- 
red recording spectrophotometer. Paper chroma- 
tography was conducted by the descending tech- 
nique on Whatman No. | paper. Microanalyses 
were carried out by Dr. S. M. Nagy and his asso- 
ciates at the Massachusetts Institute of Technology 
and Huffman Microanalytical Laboratories, Wheat- 
bridge, Colorado, on samples dried under reduced 
pressure 

Paper Chromatography.— The procedure and sol- 
vent systems employed were essentially those de- 
scribed by Fischbach and Levine (8, 9) for an ascend- 
ing technique. This method involves the use of pre- 
wetted buffered paper and the detection of alkaloidal 
spots with a chloroform solution of bromphenol blue. 
Paper was impregnated with pH 3.5 Mcllvaine buf- 
fer solution and dried. Before use this was rewetted 
with acetone-water (3:2) and samples (ca. 2 wl. of 3° 
solutions in chloroform) were applied. Approxi- 
mately fifteen minutes after rewetting, the paper was 
placed into a tank equilibrated with respect to de- 
veloping solvent and water. After a development 
period of four to five hours the solvent front had 
traveled about 15 inches. The paper was dried, 
sprayed with indicator, and exposed to a flow of 
steam. Cryptenamine alkaloids gave blue, blue- 
green, or purple spots on a yellow background; 
the color given by each alkaloid helped in its 
identification by comparison with the behavior of 
known compounds. 

The three solvent systems (8, 9) employed in this 
investigation were: (A) n-butanol, n-butyl ace- 
tate, formic acid (5:25:1); (B) ethylene chloride, 
cellosolve acetate, pyridine (15:10:1); and (C) isooc- 
tane, methyl! isobutyl ketone, pyridine (20:10:2). 
System A was employed to follow the course of most 
partition and adsorption chromatography column 
separations. Systems A, B, and C were used for 
comparison of cryptenamine components. with 
authentic samples of known alkaloids. 

Fractionation of Cryptenamine by Partition Chro- 
matography.—-Partition columns employing Celite 
545 as support for the stationary phase consisting of 
a pH 4.25, 0.5 M citrate buffer were used for the frac- 
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tionation of cryptenamine. A slurry of Celite 545 
(120 Gm.) was made with benzene (1,000 cc.) and 
the buffer solution (100 cc.) was added in portions; 
the mixture was stirred vigorously after each addi- 
tion. The hydrated Celite was then packed into a 
column (3 cm. diameter) in the usual manner and a 
solution of cryptenamine! (2 Gm., batch CaC64, in 
3 cc. of chloroform) was added to the column. 
The column was eluted with appropriate solvents at 
a rate of ca. 2 cc. per minute and 100 cc. fractions 
were collected. The solvent was evaporated and 
the contents of each flask were weighed and sub- 
mitted to paper chromatographic analysis using 
solvent system A. The contents of fractions 
demonstrating a similar composition were com- 
bined and aliquots were submitted for pharmacologi- 
cal testing to ascertain hypotensive activities.” 

Variations were observed in the course of duplicate 
separations, probably due to differences in the 
degree of packing of columns, and thus the results 
obtained in two fractionations of the components 
of cryptenamine are summarized separately in Tables 
land Il. The pharmacological data listed for the 
first column separation (Table I) indicates that the 
hypotensive principles of cryptenamine were con- 
centrated in a few fractions. The pharmacological 
data for the second separation demonstrated a simi- 
lar distribution of hypotensive activity 

Identification of Isolated Components. Compo- 
nents were identified in all cases by comparison of 
infrared spectra and oi paper chromatographic be- 
havior in three solvent systems with those of authen- 
tic samples of known veratrum alkaloids. In addi- 
tion, the melting points were not depressed on ad- 
mixture with authentic specimens of the character- 
ized alkaloids. Any additional confirmatory evidence 
is given individually for each component 

Component I; and 
acetone were added to fraction 1-A (Table 1) 
Upon standing, needles [275 mg., m. p. 237-242° 
(decompn.)| separated; +8° 1.02, ethanol). 
This compound was identified as isorubijervine, and 
was also isolated (218 mg.) from fraction 2-B 
(Table Il) by the same crystallization procedure. 

Component Il: The New Alkamine.—Addition 
of acetone to fraction 1-B (Table 1) led to the sepa- 
ration of white velvety needles (85 mg.). Recrystal- 
lization from chloroform-methanol gave needles 
(45 mg.), m. p. 258-260° (decompn.), |a]*? +9° 
(e 1.1, pyr.). This compound demonstrated only 
end absorption in the ultraviolet and no absorption 
in the carbonyl region of the infrared spectrum 

Anai.— Caled. for CaHgNO,: C, 75.48, H, 10.09; 
N, 3.26; equiv. wt., 429.6. Found: C, 75.39, 
75.83; H, 10.02, 10.38; N, 3.14; equiv. wt., 434 

The equivalent weight was determined by a non- 
aqueous titration method similar to that of Parks 
and Mitchner (11). Approximately 10 mg. of 
alkaloid was dissolved in glacial acetic acid (10 cc.) 
and 2 ce. aliquots were titrated with standard 0.01 


' We wish to thank Dr. C. J. Cavallito of Irwin, Neisler 
and Co. for supplying us with the cryptenamine used for this 
investigation 

* We wish to express our gratitude to Dr. Thomas B 
O'Dell of Irwin, Neisler and Co. for the pharmacological 
data reported in this paper Assays were performed by a 
procedure previously described (2) 

Dr. Allan P. Gray of Irwin, Neisler and Co. has kindly 
informed us of his unpublished independent isolation of 
isorubijervine, jervine, rubijervine, and veratramine from 
eryptenamine 


N HCO, in glacial acetic acid using p-naphthol- 
benzein‘ (0.1% in glacial acetic acid) as indicator. 
The solution was titrated to the appearance of a 
green color, the indicator changing from pink to 
green. 

This apparently new alkaloid, also isolated from 
fraction 2-E (Table I1), demonstrated no hypoten- 
sive activity on the dog at an i. v. single dose of 4 
meg./Kg. 

Component II1: Neogermitrine.—Fraction 1-C 
(Table I) in benzene was chromatographed on 
Merck acid-washed alumina (4 Gm., 0.7-cm. diam- 
eter column). Elution with mixtures of benzene 
and chloroform (from benzene to chloroform- 
benzene, 3:1) yielded a product (59 mg.) shown to 
be predominantly component III on paper chroma- 
tographic analysis. Crystallization from ether gave 
a compound [prisms, 20 mg., m. p. 235-237° 
(decompn.)| identified as neogermitrine. Neo- 
germitrine [18 mg., m. p. 239-241° (decompn.)] 
was obtained in a similar fashion by purification of 
fraction 2-H (Table II) 

Component 1V: Protoveratrine A.—-Benzene solu- 
tions of fraction 2-F (50 mg.) and fraction 2-E (47 
mg. remaining after removal of component II by 
crystallization ) were combined and chromatographed 
on Merck acid-washed alumina (2.5 Gm., 0.7-cm. 
diameter column). Elution with chloroform-ben- 
zene (1:1, 250 ec.) yielded a product consisting 
mainly of component III (neogermitrine). Further 
elution with benzene-chloroform (from 65°; chloro- 
form to 100°) chloroform) yielded a crude product 
(23 mg.) consisting mainly of component IV. Crys- 
tallization from ether led to isolation of protover- 
atrine A [prisms, 8 mg., m. p. 269-270° (decompn. )]. 

Component V: Jervine.*—Cryptenamine (2 Gm. 
in benzene) was chromatographed on acid-washed 
alumina (50 Gm.). The column was eluted with 
benzene-absolute methanol (99:1, 700 cc.), chloro- 
form (300 cc.), chloroform-absolute methanol 
(99:1, 600 cc.), chloroform-absolute methanol 
(98:2, 350 cc.), chloroform-absolute methanol 
(95:5, 600 cc.), and chloroform-absolute methanol 
(90:10, 300 cc.). The eluates of the last two 
solvent combinations were combined on the basis 
of their paper chromatogtaphic behaviors and 
evaporated to dryness. Addition of acetone to the 
residue led to the crystallization of a compound 
{needles, 33 mg., m. p. 245-246° (decompn.)], 
lea]4) —165° (c 1.17, ethanol), identified as jervine. 

Cumponent VI: Germitrine.—The continued elu- 
tion of the alumina column described for the isolation 
of component III (from fraction 1-C) with benzene- 
chloroform (75°) chloroform to pure chloroform) 
led to the isolation of a product (60 mg.) consisting 
predominantly of component VI. Crystallization 
from ether-petroleum ether yielded germitrine 
|prisms, 10 mg., m. p. 220-222° (decompn. )}. 

Germitrine was also isolated from fraction 2-] 
(Table II) by chromatography on acid-washed alu- 
mina (3.5 Gm.). Elution with benzene-chloro- 
form (3:1) removed colored nonalkaloidal material. 
Further elution with benzene-chloroform (1:1) 
yielded mainly component VI (32 mg.). Crystalli- 
zation from ether and recrystallization from same 
solvent gave germitrine [15 mg., m. p. 227—229° 
(decompn. )}. 


* We wish to thank Dr. Kenneth A. Connors for suggesting 
the use of this indicator. 
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TABLE I.—FRACTIONATION OF CRYPTENAMINE* BY PARTITION CHROMATOGRAPHY 
Experiment 1 


Characterized Components— 
Weight, Hypotensive Estimated 
Eluent mg. Units/mg.? Alkaloids % of Total* 
Benzene, 500 cc. 450 Relatively inactive* 
Benzene, 400 ce. : 200 
Benzene, 1,100 cc. 22 900 
Benzene, 800 cc. ‘ 650 
Benzene, 400 cc. Relatively inactive 
Benzene, 800 cc. Relatively inactive 
Benzene, 700 cc. Relatively inactive 
Benzene, 1,500 cc. 
Benzene, 5,300 ce. 200 
Chloroform, 800 cc. 250 
Chloroform-methanol, 98:2, 2,000 140 Relatively inactive XII, XIII 


“= 


Total 2,025 


* Batch CaC#4, Irwin, Neisler and Co., (2Gm_.),C.S.R. unit = 4.0 mcg. /Kg 

+ Number of hypotensive units/mg. = 1,000/C.S.R. unit (meg./Kg.). One C.S.R. unit represents the amount of intra- 
wepenes administered hypotensive agent per Kg. of body weight which just abolishes the pressor response to the carotid sinus 
reflex in dogs (10) 

© I, isorubijervine; II, new alkamine; III, neogermitrine; [V, protoveratrine A; V, jervine; VI, germitrine; VII, veratramine; 
VIII, rubijervine; IX, germidine; X, germerine; X1, protoveratrine B; XI1, germbudine; XI11, neogermbudine 


— per cent of each fraction that the characterized components represent was estimated from the paper chromatogram of 
the fraction 


* No blood pressure fall observed with i. v. single dose of 4 meg. /Kg 
/ Paper chromatographic analysis with solvent system C indicated the presence of a component not apparent with solvent 
system A. The presence of component 1V was detected with solvent system B 


TABLE II. —FRACTIONATION OF CRYPTENAMINE* BY PARTITION CHROMATOGRAPHY 
Experiment 2 


Characterized Components 
Estimated 
Eluent Alkaloids? of Total® 

Benzene, 200 cc. I 

Benzene, 200 cc. I 

Benzene, 200 cc. I 

Benzene, 200 cc. I, Il 

Benzene, 400 cc. II, Ill 

Benzene, 200 cc. II, 111, IV 

Benzene, 200 cc. Il], IV, V, VII 

Benzene, 500 cc. Ill, V, VII 

Benzene, 400 cc. V, VI, VII 

Benzene, 800 cc. Y, VI I 

Benzene, 500 cc. Pa? 

VI 

VI 


bo 


Benzene, 1,100 cc. 

Benzene, 700 cc. 

Benzene, 400 cc. 

Benzene, 1,600 cc. 

Benzene, 1,400 cc. 

Benzene, 600 cc. 

Benzene 600 cc. 

Benzene, 4,350 cc. 

Benzene-chloroform, 3:1, 1,500 ce. 

Benzene-chloroform, 1:1, 1,500 cc. 

Benzene-chloroform, 1:1, 1,500 cc. 

Benzene-chloroform, 1:3, 1,000 ce. XII, XIII 

Chloroform, 1,500 ce. 7 XII, XIII 

Chloroform-methanol, 98:2, 2,000 ce. 55 XII, XIII 
2,015 


7 


to toto toto toto toto tet 


to to bo 


ASA 


tot 


* See footnote *, Table I. & See footnote ©, Table I 
tionation, components IV and VI were clearly separated 


© See footnote 4, Table 1. 4 See footnote /, Table I. In this frac- 


Component VIII: Rubijervine.*—Fraction 1-E Merck acid-washed alumina (4 Gm., 0.7-cm. 
(Table I) was dissolved in hot chloroform and fil- diameter column). Elution with benzene-chloro- 
tered. On standing, a crystalline compound sep- form (75°) chloroform to pure chloroform) yielded 
arated (needles, 15 mg.), m. p. 247-248° (decompn.), a crude product (25 mg.) consisting mainly of com- 
|a|*? +9° (c 0.68, pyr.) identified asrubijervine. For ponent IX. Crystallization from ether gave 
the authentic sample of rubijervine, [a]4{} = +7° germidine [prisms, 5 mg., m. p. 235-237° 
(ec 1.01, pyr.). The infrared spectra of the rubi- (decompn.)}. 
jervine samples were determined in KBr pellets Component X: Germerine.—Continued elution of 

Component 1X: Germidine —A benzene solution — the column described for the isolation of component 
of fraction 1-I (Table 1) was chromatographed on IX with chloroform and chloroform-methanol 
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(from 0.5 to 5% methanol) yielded a crude product 
(40 mg.) consisting mainly of component X. Crys- 
tallization from ether-petroleum ether led to the 
isolation of germerine [prisms, 6 mg., m. p. 201.5- 
203.5° (decompn. 

Germerine was also isolated from fraction 2-T 
(Table II). A benzene solution of fraction 2-T was 
chromatographed on Merck acid-washed alumina 
(1 Gm., 0.7-cm. diameter column). Elution with 
benzene-chloroform (1:1, 100 cc.) gave nonalkaloidal 
colored material. Further elution with chloroform- 
methanol (95:5, 100 cc.), evaporation of eluate to 
dryness and crystallization from ether-petroleum 
ether yielded germerine [prisms, 17 mg., m. p. 196- 
198° (decompn. 

Component XJ: Protoveratrine B.—A_ benzene 
solution of fraction 2-V (Table II) was chroma- 
tographed on Merck acid-washed alumina (1 Gm., 
0.7-cm. diameter column). Elution with benzene 
led to the removal of colored material. Further 
elution with chloroform-methanol (98:2), evapo- 
ration of eluate to dryness and crystallization from 
ether led to the isolation of 4 mg. of protoveratrine 
B. 

Evidence for Identification of Other Compo- 
nents.——-Component VII: Veratramine.*—Paper chro- 
matographic analysis of cryptenamine and of cer 
tain fractions thereof indicated the presence of a com- 
ponent with Ry, identical with that of veratramine 
The best separation of component VII was achieved 
with solvent system A 

Component XII; Germbudine.—Paper chroma 
tographic analysis of fractions 1-K (Table I) and 
2-W, 2-X, 2-¥ (Table I1) suggested the presence 
of a compound having an Ry, identical with that of 
germbudine; it was best separated from other com 
ponents with solvent system B (development period, 
twenty hours) 

Component Neogermbudine.—Paper chro- 
matographic analysis of fractions 1-K (Table 1) 
and 2-W, 2-X, 2-Y (Table II) suggested the pres 
ence of a compound having an Ry identical with 
that of neogermbudine. Component XIII could 
also be best separated from other components with 
solvent system B (development period, twenty 
hours Neogermbudine demonstrated a_ higher 
R, than germbudine 


RESULTS AND DISCUSSION 


As described above, cryptenamine was fraction- 
ated by partition and adsorption column chroma- 
tography; the progress of separations was followed 
by paper chromatographic analysis. By this pro 
cedure, during which cryptenamine was never sub- 
jected to conditions favorable for ester hydrolysis, 
the known (12, 13) hypotensive alkaloids proto 
veratrine A (IV), protoveratrine B (XI), neogermi 
trine (III), germitrine (VI), germidine (IX), and 
germerine (X) were isolated. In addition, it was 
possible to isolate the relatively nonhypotensive 
alkaloids (14) isorubijervine (1), jervine (V), rubi 
jervine (VIII), and an apparently new noncarbonyl 
alkamine (II). Paper chromatographic evidence 
suggesting the presence of hypotensively active 
germbudine (XII) (15) and neogermbudine (XIII) 


(16) and of relatively inactive veratramine (VII) 
(14) was also obtained. It was estimated that the 
components listed represent some 80%, by weight, 
of cryptenamine (Tables I and IT) 


III.—Hyporensive PRINCIPLES OF ACTIVE 
FRACTIONS® 


Estimated Total 
% Hypotensive Hypo 
Charac Alkaloids tensive 
Fraction terized® Identified Units* 
1-B 90 Protoveratrine 43 ,000 
A, neogermi- 
trine 
Neogermitrine, 198,000 
germitrine 
Germitrine 88 , 000 
Germidine 32,000 
Germidine, 35,000 
germerine 
Germidine, 58,000 
germerine, 
protover- 
atrine B 
Total 80 454,000 
Cryptenamine 80 500 , 000 
* Fractions from partition chromatography (Table 1) of 
2 Gm. of cryptenamine 
® See footnote’, Table I 
© Obtained by multiplication of weight of fraction by hypo- 
tensive units/mg. Cryptenamine assay, 250 hypotensive 
units/mg 


The pharmacological results summarized in Table 
III indicate that the six highly active fractions ob- 
tained on chromatographic separation of crypten- 
amine (Table I) represent approximately 90°) of 
the total hypotensive activity of cryptenamine 
The estimated proportion of total characterized 
components in these fractions is 80% and the 
active principles identified in these fracticns repre 
sent the most powerful hypotensive alkaloids of 
Veratrum viride (7, 17). In view of the foregoing, 
it appears likely that known ester alkaloids are 
responsible for most of the hypotensive activity of 
cryptenamine 
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The structure of germanitrine, a highly active 
hypotensive ester alkaloid, has been eluci- 
dated. Germine 3-angelate 7-acetate 15-/-2’- 
methylbutyrate, synthesized from germine, 
was found to be identical with germanitrine. 


is a highly active hypotensive 
ester alkaloid isolated from Veratrum fim- 
briatum Gray (1). Alkaline hydrolysis of germa- 
nitrine has afforded the known alkamine germine 
(I) (2) and one mole equivalent each of acetic, 
tiglic, and /-2-methylbutyric acids (1). Meth- 
anolysis of germanitrine resulted in loss of the 
acetate grouping with conversion to the diester 
germanidine (1). The latter compound yielded 
one mole equivalent of tiglic acid and one mole 
equivalent of /-2-methylbutyric acid on alkaline 
hydrolysis. The positions of the esterifying acids 
on the germine nucleus have now been estab- 
lished, thereby effecting the elucidation of the 
complete structures of germanitrine and german 
idine. 

Tentative assignment of the acetate group of 
germanitrine to C; of the germine nucleus has 
been made on the basis of its reactivity toward 
methanolysis and its characteristically high con- 
tribution to the molecular rotation of the triester 
(3). A common feature of the naturally-occur 
ring germine triesters of known structure is at- 
tachment of the three acyl moieties to positions 
Cs, C;, and Cys (3, 4), and it appeared reasonable 
as a preliminary working hypothesis to assign 
the tiglate and /-2-methylbutyrate residues to 
C; and Cis. The similarity of the optical rota- 
tions of germanidine (1) to those of all other 
known C3, Cis diesters of germine (3) supported 
a 3,15-diester structure for germanidine. Be- 
cause only small comparison samples of germani- 
trine and germanidine were available to us, a 
degradative structure elucidation was precluded. 
Instead, a partial synthesis of germanidine and 
germanitrine starting with germine was under 
taken. 

The first objective selected was germine 3- 
tiglate 15-/-2’-methylbutyrate. Germine 15 
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/-2’-methylbutyrate (II) (4, 5) was treated with 
a limited amount of tigloyl chloride in pyridine 
to yield the desired diester III. The tiglate 
group of III was assigned to C; on the following 
bases. The diester was stable to periodic acid, 
an indication that no free 1,2-glycol system was 
present. This fact limited the possible sites of 
attachment of the tiglate residue to Cs or C4. 
The diester consumed two oxygen equivalents 
of chromic acid, which indicated that only two 
secondary hydroxyl groups were present and that 
the tiglate residue was therefore affixed at Cs. 
The infrared spectrum of germine 3-tiglate 15-/- 
2'-methylbutyrate (III) differed significantly 
from that of germanidine. 

The next alternative explored was the hypo- 
thetical formulation of germanidine as a 3-/-2’- 
methylbutyrate 15-tiglate. Treatment of ger- 
mine with a limited amount of tigloyl chloride in 
pyridine afforded germine 15-tiglate (IV). That 
the tiglate was affixed to Cj; was shown by the 
periodic acid consumption of one mole equivalent. 
Only a C\5 monoester of germine possesses a single 
1,2-glycol system. Furthermore, the amorphous 
periodic acid cleavage product showed infrared 
absorption at 3.65, 5.62, and 5.80 w characteristic 
of the aldehydo-y-lactone resulting from cleavage 
of the ring A glycol (2). Germine 15-tiglate 
(IV) was treated with a limited amount of 12 
methylbutyryl chloride in pyridine to yield ger- 
mine 3-/-2’-methylbutyrate 15-tiglate (V). Evi- 
dence for the 3,15-diester formulation V_paral- 
leled that for Lil. The infrared spectrum of V 
also differed significantly from that of germani- 
dine. 

The original proposal that the tiglate, rather 
than the geometrically isomeric angelate residue 
was present in germanitrine was based on the 
identification of p-phenylphenacyl tiglate among 
the p-phenylphenacyl esters derived from the 
acids formed upon hydrolysis (1). As a control, 
it was shown that neither pure angelic nor pure 
tiglic acid isomerized appreciably under the alka- 
line conditions employed for the hydrolysis of the 
ester alkaloids (1). On the other hand, it ap- 
peared reasonable that isomerization of angelate 
to tiglate might have occurred prior to or during 
hydrolysis of the ester alkaloids, or even during 
the preparation of the p-phenylphenacyl esters, 
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MB =!-2-Methylbutyric acid 


Ti= Tiglic acid 
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The historical differences concerning the acid 
residue present in the schoenocaulon ester alka- 
loid cevadine are best rationalized on the basis 
that isomerization of the angelate residue to 
tiglate may take place prior to or during hydrol- 
ysis. In the case of cevadine, some authors re- 
ported hydrolysis to tig ic acid (6,7), some to 
angelic acid (8, 9, 10), and some to a mixture of 
angelic and tiglic acids (11) 

A partial synthesis of germine 3-angelate 15-/- 
2’-methylbutyrate (VII) was next undertaken. 
Germine 15-/-2’-methylbutyrate (II) was treated 
with a limited amount of 3-bromoangeloyl chlo 
ride (12) to yield germine 3-(3’-bromoangelate) 
15-/-2'-methylbutyrate (VI). The latter com 
pound, on hydrogenolysis, afforded germine 3 
angelate 15-/-2’-methylbutyrate (VII). Evi 
dence for the 3,15-diester formulation VII paral- 
leled that for III. The melting point of the syn- 
thetic diester was not depressed on admixture 
with an authentic sample of germanidine. The 
infrared spectra and paper chromatographic be 
havior of the respective samples were identical. 

Acetylation of germanidine (VII) with a limited 
amount of acetic anhydride yielded the triester 
germine 3-angelate 7-acetate 15-/-2’-methyl- 
butyrate (VIII). Evidence for the attachment 


OH 
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of the acetate group at C; was obtained in the 
following manner. A chromic acid titration of 
the triester showed the presence of only one 
secondary hydroxyl group and C, was thereby 
excluded as a site for attachment of the acetate 
ester. Furthermore, the oxidation product, on 
alkaline treatment, afforded a diosphenol with 
ultraviolet spectral properties identical with those 
of the diosphenol from neogermitrone and 16- 
dehydrogermine 3,4,7,15-tetraacetate (3). The 
triester showed no depression in melting point on 
admixture with an authentic sample of germani- 
trine. The infrared spectra and paper chroma 
tographic behavior of the respective samples were 
identical 


EXPERIMENTAL 


Melting points are corrected for stem exposure. 
Values of [a]p have been approximated to the near- 
est degree. Ultraviolet absorption spectra were de- 
termined in 95°, ethanol on a Cary recording spec- 
trophotometer (model 11 MS). Infrared spectra 
were determined in chloroform on a Baird double 
beam recording spectrophotometer. Microanalyses 
were carried out by Dr. S. M. Nagy and his associates 
at the Massachusetts Institute of Technology on 
samples dried under reduced pressure at 110°. 

Periodic Acid Titrations.._These titrations were 


732 
y Hi H HO H 
OH OH 
OH 
I 
| 0 H.C £0 OAc dy. ; 
H CH, 
Br = 
c=C OH 


December 1959 


performed as in Part XXVIII (2) except that one- 
third of the total volume of water was replaced with 
t-butanol 

Chromic Acid Titrations.-The method described 
in Part XXXII (4) was used. Results are sum- 
marized in Table I 

Paper Chromatography. The technique followed 
was that described by Levine and Fischbach (13). 
Unless otherwise specified the n-butyl acetate: 
n-butanol: formic acid (25:5:1 by volume) system 
was used. 

Germine 3-Tiglate 15-l-2'-Methylbutyrate (III). 
To germine 15-/-2’-methylbutyrate (5) (0.4 Gm.) in 
pyridine (8 cc.) cooled to 0°, was added tigloy! chlo- 
ride (14) (0.9 Gm.) with stirring. The solution was 
kept at room temperature for tweniy-four hours 
The reaction mixture was then cooled by adding 
crushed ice, made alkaline (pH 8) with a 10° sodium 
carbonate solution, and extracted several times with 
chloroform The chloroform extracts were dried 
over anhydrous sodium sulfate and evaporated under 
reduced pressure. The residue was dissolved in ben- 
zene and the solution was evaporated to dryness 
This procedure was repeated until all traces of pyri- 
dine had been removed. The amorphous residue was 
chromatographed on Merck acid-washed alumina (10 
Gm.), and the progress of the column separation was 
followed with a paper chromatogram of each frac- 
tion collected. Elution with benzene (100 cc.) 
yielded a substance (90 mg.) having a high Ry, pre- 
sumably a_ triester. Germine 3-tiglate 15-/-2’- 
methylbutyrate (111, 0.275 Gm.) was eluted with 
50, benzene-chloroform (400 ce.). The diester II] 
was crystallized from acetone-ether as pale yellow 
prisms (150 mg.), m. p. 227-228° (decompn.); 
[a] + 3° (c 2.65, pyr.) 

Anal.—Caled. for CsHgNOw: C, 
8.44. Found: C, 65.39; H,8.58 

In a volatile acid determination (15) 15.31 mg. of 
the compound yielded an amount of acid equivalent 
to 5.05 ce. of 0.009181 N sodium thiosulfate; caled 
for 1 mole equivalent of tiglic acid and 1 mole equiva- 
lent of /-2-methyibutyric acid as required by struc- 
ture III, 4.94 ce 

Diester III did not consume any periodic acid after 
six and one-half hours. The infrared spectrum of III 
was not identical with that of germanidine 

Germine 15-Tiglate (I1V).—To a cold (0°) solution 
of germine (3.2 Gm.) in pyridine (25 cc.) was added 
tigloyl chloride (14) (0.9 Gm.). The mixture was 
stirred until homogeneous, allowed to warm to room 
temperature and stand for twenty-four hours. Fur- 
ther treatment followed the procedure used for III 
The amorphous reaction product (3.27 Gm.) was 
chromatographed on Merck acid-washed alumina (60 
Gm.). The separation was followed with a paper 
chromatogram of each fraction collected, using the 
resolving system for slow-moving alkaloids (13) ! 
Elution with chloroform (1,000 ce.) yielded a product 
having a high Ry, presumably a diester Further 
elution with 3°, methanol-chloroform afforded ger- 
mine 15-tiglate (IV) (1.16 Gm.) which was crystal- 
lized from chloroform-acetone as colorless prisms 
(720 mg.), m. p. 224-225° (decompn.), [a]4} — 7° 
2.15, pyr.) 


65.77; H, 


' The solution was prepared by adding | cc. of formic acid 
to the separated organic layer of the system n-butyl acetate 
n-butanol: water (10:25:10 by volume) 
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TABLE I. 


Oxygen Equivalents Consumed 
Ester 1 hr 4 br 


Ill 1 
V 1 
VII 1 
1 
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Anal.—Caled. for CyxxHigNOe: C, 64.95; H, 8.35. 
Found: C, 65.22; H, 8.24. 

In a volatile acid determination (15) 15.46 mg. of 
the compound yielded an amount of acid equivalent 
to 2.00 cc. of 0.009181 N sodium thiosulfate; caled. 
for 1 mole equivalent of tiglic acid as required for 
structure LV, 2.80 ce. 

Monoester IV consumed 1.1 mole equivalents of 
periodic acid after one hour and was stable there- 
after. The solution remaining from the periodic 
acid oxidation was made alkaline (pH 8) with dilute 
ammonia and extracted with chloroform. The 
chloroform extracts were dried over sodium sulfate 
and the amorphous residue left on evaporation 
showed infrared absorption at 3.65, 5.62, and 5.80 yp. 

Germine 3-l-2'-Methylbutyrate 15-Tiglate (V).— 
Germine 15-tiglate (IV) (0.4 Gm.) in pyridine (4 cc. ) 
was treated with /-2-methylbutyryl chloride (5) 
(6.116 Gm.) under the same conditions used for di- 
ester III. The amorphous reaction product was 
chromatographed on Merck acid-washed alumina (10 
Gm.). Elution with benzene (100 cc.) yielded a 
product (0.12 Gm.) having a high R,, presumably a 
triester. Germine 3-/-2’-methylbutyrate 15-tiglate 
(V) (0.2 Gm.) was eluted with 50° benzene-chloro- 
form (540 ce.) and crystallized with difficulty from 
acetone, as colorless plates (55 mg.), m. p. 180—181° 
(decompn.); + 3° (¢ 1.10, pyr.). 

Anal.—Caled. for CnHyNOw: C, 65.77; H, 8.44. 
Found: C, 65.35; H, 8.70. 

In a volatile acid determination (15) 8.0 mg. of the 
compound yielded an amount of acid equivalent to 
2.70 ec. of 0.009181 N sodium thiosulfate; caled. for 
1 mole equivalent of tiglic acid and 1 mole equivalent 
of 1-2-methylbutyric acid as required by structure V, 
2.58 cc. 

Diester V was stable toward periodic acid, The in- 
frared spectrum of V was not identical with that of 
germanidine 

Germine 3-Angelate 15-l-2'- Methylbutyrate ( VII). 
To a solution of germine 15-/-2’-methylbutyrate 
(0.365 Gm.) in pyridine (5 cc.) was added with stir- 
ring, 3-bromoangeloyl chloride (12) (0.135 Gm.) at 
room temperature. The reaction mixture was al- 
lowed to stand for twenty-four hours and further 
treatment followed the procedure used for diester 
Ill. The reaction products from two such batches 
were combined (0.92 Gm.) and chromatographed on 
Merck acid-washed alumina (16 Gm.). Elution 
with benzene (250 cc.) yielded an amorphous prod- 
uct (0.07 Gm.) with a high R,, presumably a triester 
Elution with 50°, benzene-chloroform (500 cc.) fol- 
lowed by chloroform (870 cc.) yielded germine 
3-(3’-bromoangelate) 15-/-2’-methylbutyrate (V1) 
(0.312 Gm.) as a pale yellow amorphous material, 
[a] 3} + 16° (c 1.05, ethanol). 

To a suspension of 10% palladium on carbon (0.07 
Gm.) in 95° ethanol (10 cc.) which had previously 
been saturated with hydrogen, was added a solution 
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of VI (0.14 Gm.) in ethanol (4 cc.) containing anhy- 
drous sodium acetate (0.07 Gm.). After hydrogena- 
tion at atmospheric pressure for three minutes the 
theoretical uptake of one mole equivalent of hydro- 
gen was complete and the hydrogenation was ter- 
minated. The catalyst was removed by filtration, 
washed with ethanol (15 cc.), and the filtrate was 
evaporated under reduced pressure. The residue was 
suspended in water (5 cc.), made alkaline (pH 8) with 
a 10° sodium carbonate solution, and extracted sev- 
eral times with chloroform. The chloroform extract 
was dried over anhydrous sodium sulfate. Evapora- 
tion under reduced pressure yielded germine 3-angel- 
ate 15-/-2’-methylbutyrate (0.130 Gm.) which was 
crystallized from acetone-water as colorless flat 
needles (115 mg.), m. p. 220-221° (decompn.), 
la) —3°(c¢ 1.20, pyr.). The melting point was not 
depressed on admixture with an authentic sample of 
germanidine.*? 

Diester VII was stable to periodic acid. The 
infrared spectra and paper chromatographic be- 
havior of VII and an authentic sample of german- 
idine? were identical 

Germine 3-Angelate 7-Acetate 15-1-2'-Methylbutyr- 
ate (VIII).—To a solution of VII (0.120 Gm.) in 
pyridine (1 cc.) was added acetic anhydride (0.021 
Gm.) at 0°. The reaction mixture was allowed 
to stand at room temperature for twelve hours. 
Excess acetic anhydride was destroyed with two 
drops of methanol and the mixture was evaporated 
under reduced pressure at room temperature 
The residue was dissolved in benzene and evaporated 
to dryness. This procedure was repeated several 
times to remove traces of pyridine. The residue 
was dissolved in ice water (3 cc.), made alkaline 
(pH 8) with 10°) sodium carbonate solution, ex- 
tracted with chloroform, and the extract evaporated 
to dryness. The amorphous residue (0.120 Gm.) 
was dissolved in chloroform and petroleum ether 
(Skelly B) was added to the solution until an 
amorphous precipitate separated. The precipitate 
was removed by filtration and rejected. The 
filtrate on concentration deposited crystalline tri- 
ester VIII (0.055 Gm.) which had the same R, 
as germanitrine.* Recrystallization from acetone- 


* We thank Mr. Murle Klohs of Riker Laboratories, North- 
ridge, Calif., for comparison samples of germanitrine and 
germanidine 


water afforded colorless needles (50 mg.), m. p. 
225-226° (decompn.). The melting point was not 
depressed on admixture witli an authentic sample 
of germanitrine.* The infrared spectrum of tri- 
ester VIII was identical with that of germanitrine. 

Chromic Acid Oxidation of Germanitrine—The 
chromic acid titrations of germanitrine (Table I) 
were performed on two 2-cc. aliquot parts taken 
from a solution (10 cc.) containing 29.1 mg. of 
germanitrine. The solution remaining after re- 
moval of the aliwwots was treated with a sodium 
bisulfite solution een, made alkaline with 
20% NaOH, ar. extracted with chloroform. The 
extract was evapo: ced to dryness under reduced 
pressure. The residve was dissolved in 1° meth- 
anolic sodium hydroxide (4 cc.) and heated under 
reflux for twelve minute The deep red solution 
was acidified with glacic! acetic acid, evaporated to 
dryness, made alkaline with dilute ammonia, and 
extracted with chloroform. The chloroform extract 
was dried over anhydrous sodium sulfate and 
evaporated to dryness. The brown resin was 
treated with ether and the insoluble brown impuri- 
ties were removed by filtration. The filtrate, on 
evaporation, yielded a pale yellow amorphous residue 
(6 mg.), Amax. 320 my (e 11,200), 285 my (« 6,400): 
yoo! 375 my (€ 8,600), 343 my (6,600) 
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Veratrum Alkaloids XL* 
The Structure of Escholerine, A Hypotensive Ester Alkaloid 


By S. MORRIS KUPCHAN and C. IAN AYRES 


The structure of escholerine has been eluci- 
dated. Synthesis of protoverine 3-angelate 
6,7-diacetate 15-/-2’-methyl butyrate af- 
forded a product identical with escholerine. 


SCHOLERINE is one of the main hypotensive 

principles of Veratrum eschscholzii Gray 
(1,2). Hydrolysis of escholerine has afforded the 
known alkamine protoverine (I) (3, 4,5), two 
mole equivalents of acetic acid, one mole equiva- 
lent of /-2-methylbutyric acid and one mole 
equivalent of angelic acid (1,2). The positions 
of the four esterifying acids on the protoverine 
nucleus have now been established, thereby 
effecting the elucidation of the complete structure 
of escholerine. 

A common structural feature of the two known 
naturally-occurring esters of protoverine, pro- 
toveratrine A (II), and protoveratrine B (III) is 
the attachment of acetates at positions Cs and 
C; and of /-2-methylbutyrate at Cys (6, 7). Con- 
sequently, on a tentative biogenetic basis, one 
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and Ayres, 


might expect a similar distribution of these three 
acids in escholerine. Furthermore, all the hypo- 
tensive protoverine esters studied to date possess 
a free (unacylated) hydroxyl group at Ci. 
Hence to test this hypothesis, the synthesis of 
protoverine 3-angelate 6,7-diacetate 15-1-2’- 
methylbutyrate (VI) was undertaken. 
Protoverine 6,7-diacetate 15-/-2’-methy]- 
butyrate (IV) can be readily prepared from pro- 
toveratrine B (7). Triester IV was treated with 
a limited amount of 3-bromoangeloyl chloride 
(8,9) to yield protoverine 3-(3’-bromoangelate) 
6,7-diacetate 15-/-2’-methylbutyrate (V) [a]p 
— 16° (pyr.). The latter compound, on hydro- 
genation, afforded protoverine 3-angelate 6,7- 
diacetate 15-/-2’-methylbutyrate (VI), m. p. 
235-236° (decompn.) [a]p —28° (pyr.). The 
angelic acid was shown to be attached to C; in the 
following manner. A chromic acid titration 
of the tetraester showed the presence of only 


one secondary hydroxyl group and Cy was 


OH OH 
~ 
CH,CH- coo 
OH 


OcOcHEt 


Me 


Pyr. 


thereby excluded as a site for attachment of 
the angelic acid ester. Furthermore, the 
oxidation product, on treatment with alkali, 
afforded a diosphenol with spectral properties 
identical with those of the diosphenol from 16- 
dehydroprotoverine 3,4,6,7,15-pentaacetate (5). 
Therefore, the synthetic tetraester was protover- 
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ine 3-angelate 6,7-diacetate 15-/-2’-methylbutyr- 


ate (VI). The compound showed no depression 
in melting point on admixture with an authentic 
sample of escholerine. The infrared spectra and 
paper chromatographic behavior of the respective 
samples were identical. 


EXPERIMENTAL 


Melting points are corrected for stem exposure 
Values of [a]p have been approximated to the near- 
est degree. Ultraviolet absorption spectra were de- 
termined on a model 11 MS Cary recording spectro- 
photometer and 95°) ethanol was used as solvent 
Infrared spectra were determined on a Baird model 
B double beam infrared recording spectrophotom- 
eter and chloroform was used as a solvent. 

Protoverine 3-(3'-bromoangelate) 6,7-diacetate 
15-/-2'-methylbutyrate (V).—Protoverine 6,7-diace 
tate 15-/-2’-methylbutyrate |(7), 627 mg., m. p. 232 
233° (decompn.)| was dissolved in pyridine (10 cc.), 
cooled to —10°, and treated with 3-bromoangeloy! 
chloride (0.2 ce.). The mixture was stirred until a 
clear vellow solution was obtained. The solution 
was allowed to come to room temperature and stand 
overnight. The pH was brought to 9 with dilute 
ammonia and the mixture extracted thoroughly with 
chloroform. The chloroform extract was dried over 
anhydrous sodium sulfate and evaporated to yield a 
brown resin (640 mg.). A paper chromatogram em- 
ploying the procedure of Levine and Fischbach (10) 
\n-butyl acetate: n-butanol: formic acid (25:5:1 by 
volume)! indicated the formation of a new material 
in a yield of approximately 25°). The resin was 
chromatographed on Merck acid-washed alumina 
(15Gm.). The column yielded to benzene, benzene- 
chloroform, and chloroform a series of yellow oils. 
When developed with chloroform-1° methanol, 
however, an amorphous material was obtained (110 
mg.), 16° (c¢ 0.89, pyr.) whose paper chro- 
matogram indicated that it was homogeneous in 
nature 

Hydrogenation of Protoverine 3,(3'-bromoange- 
late) 6,7-diacetate 15-/-2’-methylbutyrate : Synthesis 
of Escholerine (VI).—The amorphous 3,(3’-bromo- 
angelate) (67 mg. of V. [a|4,” —16°) was dissolved in 
95°) ethanol (6 cc.) containing sodium acetate (45 
mg.) and added to a suspension of 10°, palladium 
on charcoal (35 mg.) in 95°, ethanol (4 cc.) that had 
previously been saturated with hydrogen. After 
two minutes the theoretical uptake of hydrogen was 
consumed and the hydrogenation was terminated. 
The catalyst was removed by filtration and the fil- 
trate was acidified with glacial acetic acid and evapo- 


rated nearly to dryness. The residue was dissolved 
in water, basified with dilute ammonia, and extracted 
with chloroform. The chloroform solution was dried 
over anhydrous sodium sulfate and evaporated to 
yield a resin which was crystallized from acetone- 
water to give colorless plates, m. p. 235-236° (de- 
compn.); la]; — 28° (c 0.9, pyr.); yield, 30 mg 
The melting point was not depressed on admixture 
with an authentic sample of escholerine.'. The in- 
frared spectra and paper chromatographic behavior 
of the respective samples were identical. A second 
crop of material (15 mg.) with m. p. 234-236° (de 
compn.) was also obtained. 

Chromic Acid Oxidation of Escholerine.— Proto- 
verine 3-angelate 6,7-diacetate 15-/-2’-methylbutyr- 
ate (escholerine, m. p. 234-236°, 15 mg.) in glacial 
acetic acid (5 cc.) was treated with 0.05 N chromic 
anhydride in 99.8% acetic acid (3 cc.). The solution 
was allowed to stand at room temperature. Aliquot 
parts titrated after one hour and three hours showed 
the consumption of 1.20 and 1.28 oxygen equivalents 
of chromic acid. An aliquot (4 cc.) taken after one 
hour was treated with excess sodium bisulfite to de- 
stroy the oxidizing agent, basified with dilute am- 
monia, and extracted with chloroform. The chloro- 
form extract was dried over anhydrous sodium sul- 
fate and evaporated to give a resin (7 mg.). The 
resin was dissolved in 2 cc. of a solution of sodium 
hydroxide (100 mg.) in methanol (10 cc.) and heated 
under reflux for twelve minutes. The reaction mix- 
ture was acidified with glacial acetic acid and evap- 
orated to dryness. The residue was dissolved in 
water, basified with dilute ammonia, and extracted 
with chloroform. Evaporation of the chloroform af- 
forded an amorphous residue which showed Amax 
328 my (¢ 12,700) and 381 my 8,800). 


max 
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Veratrum Alkaloids XLI* 
The Structure of Germbudine, A Hypotensive Ester Alkaloid 


By S. MORRIS KUPCHAN and NORBERT GRUENFELDt 


The structure of germbudine has been eluci- 
dated as germine 3-d-threo-2’,3’-dihydroxy- 
2’-methylbutyrate 15-/-2 -methylbutyrate (V). 
Oxidation of germbudine with periodic acid 
and subsequent alkaline hydrolysis afforded 
germine 15-/-2’-methylbutyrate (VIII). 


(ea is a minor hypotensive constitu 
ent of alkaloidal extracts of Veratrum viride 
(1). Alkaline hydrolysis of germbudine was re- 
ported to yield the known alkamine germine (IX), 
one mole equivalent of 2-methylbutyric acid, and 
one mole equivalent of high melting d-2,3-di- 
hydroxy-2-methylbuty. acid. 

Low melting /-2,3-dihydroxy-2-methylbutyric 
acid is one of the esterifying acids of neogermbu- 
dine and germitetrine, and high melting d-2,3- 
dihydroxy-2-methylbutyric acid occurs in germ- 
budine and protoveratrine B (1-5). In 1953, 
Nash and Brooker (3) suggested that these two 
acids were diastereoisomers on the basis of their 
differing physical characteristics and the identi- 
fication of acetaldehyde and pyruvic acid as 
common periodic acid cleavage products. In 
1955, Myers, et al. (1), confirmed this hypothesis 
by synthesis of both acids. 
melting 


The racemic low 
diastereoisomer was synthesized by 
hydroxylation of tiglic acid (1) with dilute per- 
manganate and was resolved to obtain the /-2,3- 
dihydroxy-2-methylbutyric acid identical with 
the acid isolated from natural sources (/evo II). 
Hydroxylation of a double bond with perman- 
ganate is known to proceed in a cis fashion (6) 
and therefore the low melting diastereoisomer is 
the erythro isomer (II). The racemic high melt- 
ing diastereoisomer was synthesized by hydroxyl- 
ation of tiglic acid with peracetic acid and was not 
resolved. However derivatives of the racemic 
natural 

The natural 
acid also had a melting point different from that 
of the synthetic d-erythro acid. Since peracetic 
acid is known to hydroxylate a double bond in a 


compound and dextrorotatory acid 


showed identical infrared spectra. 


trans fashion (6) the high melting diastereoisomer 


is the threo isomer (IV). This assignment is 


supported by the observation that the latter 
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racemic synthetic acid has the same melting 
point as the acid obtained on hydroxylation of 
angelic acid (III) with dilute permanganate 
(7). 

CHsy,. H 


KMn0, 
4 
CH, 


COOH 
I] 


OH 
cH Ny, 


COOH 


KMnO, 
CH, 


COOH OH 
Ill IV 

Thus the esterifving acid of neogermbudine and 
germitetrine is /-erythro-2,3-dihydroxy-2-methyl- 
butyric acid and the esterifying acid of germ- 
budine and protoveratrine B is d-threo-2,3-di 
hydroxy-2-methylbutyric acid. These assign- 
ments render the chemical nomenclature of these 
hypotensive alkaloids more meaningful than the 
one based on melting points of the acids (1, 2, 8). 

A common structural feature of most naturally 
occurring diesters of germine is the attachment of 
the acyl groups at C; and Cj. Neogermbudine, 
which occurs alongside germbudine in Veratrum 
viride, has been shown to be germine 3-Lerythro 
- dihydroxy - 2’- methylbutyrate 15 -/- 2’- 
methylbutyrate (VI) (2). Germbudine and 
neogermbudine possess very melting 
points, optical rotations, and infrared spectra (1). 


similar 


They also demonstrate very similar paper chro- 
matographic behavior. The ethylene chloride- 
cellosolve acetate-pyridine system of Levine and 
Fischbach (9) proved adequate for their separa- 
tion, but only after prolonged development. 

On the basis of the similarity of physical con- 
stants, the possibility that germbudine could be a 
diastereoisomer of neogermbudine was formu- 
lated as a working hypothesis for the elucidation 
of its structure. Germbudine, in agreement with 
the postulation of a C3, Ci; diester and the conse- 
quent presence of only one free glycol group (that 
of the dihydroxy acid) consumed 0.85 mole 
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OH OH O 


equivalent of periodic acid. The periodic acid 
titer did not distinguish between the Cs, Cis and 
the Cy, Cys diester structures. The presence of an 
acyl moiety at Cy was deemed highly improbable 
on biogenetic gruunds. No Cy, ester has been 
found among the more than twenty naturally- 
occurring derivatives of the veratrum alkamines 
veracevine, germine, protoverine, and zygadenine 
(2,8, 10-14). Evidence in favor of the C;, Cis 
structure was obtained by chromic acid titration 
of the diester. Germbudine demonstrated a 
chromic acid consumption which paralleled that 
of neogermbudine and indicated the presence of 
three secondary hydroxyl groups. 

The specific location of each acyl group was 
determined by the selective removal of the d- 
threo-2,3-dihydroxy-2-methylbutyryl moiety by 
a procedure similar to that employed for the 
structure elucidation of protoveratrine B (13). 
Oxidation of germbudine with periodic acid at 
room temperature for three hours gave, as deter- 
mined by paper chromatographic analysis, a 
quantitative yield of a product of higher R, than 
the starting material [presumably germine mono- 
2-methylbutyrate mono-pyruvate (VII)]. Tak- 
ing advantage of the facile base-catalyzed hydrol 
ysis of pyruvate esters (13, 15), the periodic acid 
oxidation mixture was rendered alkaline with 
ammonia after decomposition of excess periodic 
acid with sodium bisulfite and was kept at room 


0—C—CH-CH,-CH, 
O CH, 

VI 


temperature for twenty minutes. Paper chro- 
matographic analysis of the chloroform extracted 
product revealed partial conversion to a com- 
pound having the same R, as germine-15-/-2’- 
methylbutyrate (VIII) (2,16). Incomplete hy- 
drolysis may have been due to the formation of a 
bisulfite addition compound at the ketone func- 
tion of the pyruvate. Retreatment of the prod- 
uct with dilute ammonia led to complete hydrol- 
ysis. Crystallization from chloroform-ether gave 
a product shown by infrared spectrum, paper 
chromatographic, and melting point behavior to 
be germine 15-/-2’-methylbutyrate. Hence the 
2-methylbutyric acid of germbudine is assigned 
the /evo configuration, and germbudine is germine 
3-d-threo-2' 3'-dihydroxy-2’-methylbutyrate 15- 
1-2’-methylbutyrate (V) 

The degradation of neogermbudine by a se- 
quence of steps paralleling that described for 
germbudine also gave germine 15-/-2’-methyl- 
butyrate. This route was found to be more ele- 
gant than the sodium borohydride method em- 
ployed earlier (2). 


EXPERIMENTAL 


Melting points are corrected for stem exposure. 
Infrared spectra were determined on a Baird model 
B double beam infrared recording spectrophotom- 
eter and chloroform was used as the solvent. 
Paper chromatograms were run by the descending 
technique employing Whatman No. 1 paper. 
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Paper Chromatography.—-The procedure and sol- 
vent systems employed were similar to those de- 
scribed by Fischbach and Levine (9, 17) for an 
ascending technique. This method involves the use 
of prewetted pH 3.5 buffered paper and the detection 
of alkaloids by spraying with a chloroform solution 
of bromphenol blue. The solvent systems used 
were: (A) the solution prepared by adding 1 cc. of 
formic acid to the separated organic layer of the sys- 
tem n-butyl acetate-n-butanol-water (10:25:10); 
(B) cellosolve acetate-ethylene chloride-pyridine 
(10:15:1). System B was used for testing the 
homogeneity of germbudine,' neogermbudine,' and 
germine - 15 -/] - 2’ - methylbutyrate. Separation of 
these alkaloids was successful on development for 
eighteen hours. allowing solvent to run off the paper, 
as Ry values were relatively low. System B, de- 
velopment period of twelve hours, was utilized to fol- 
low periodic acid oxidations and degradations of 
germbudine and neogermbudine. System 
employed for differentiation of germine 15-/-2’- 
methylbutyrate and germine 3-/-2’-methylbutyrate 
(protoveratridine ) (8). 

Degradation of Germbudine to Germine 15-/-2’- 
Methylbutyrate.—Germbudine (V, 21 mg.), m. p 
159-161°, was dissolved in 5° acetic acid (5 cc.); 
0.05 M periodic acid (15 cc.) and sufficient distilled 
water to dilute the solution to 25 cc. were added. 
The periodic acid consumption, as determined by ti- 
tration of 1l-cc. aliquots (18), was 0.85 mole equiva- 
lent after one and after three hours. The remainder 
of the solution was first treated with 7°) sodium 
bisulfite (10 cc.) and then with sufficient 2 N am- 
monium hydroxide to bring the solution to pH 8.5-9. 
After standing at room temperature for twenty min- 
utes, the ammoniacal solution was extracted with 
chloroform; the combined chloroform solution was 
washed with water, dried with sodium sulfate and 
evaporated to dryness under reduced pressure. The 
paper chromatogram of the reaction product revealed 
the absence of starting material; it also suggested the 
presence of germine 15-/-2’-methylbutyrate (VIII) 
and of a second product of Ry higher than that of 
germbudine [possibly germine 3-pyruvate 15-/-2’- 
methylbutyrate (VII)]. The reaction product was 
dissolved in 5°% acetic acid (5 cc.) and a few drops of 
chloroform; sufficient 2 VN ammonium hydroxide was 
added to bring the solution to pH 9. The mixture was 
kept at room temperature for twenty minutes and 
then extracted with chloroform. The chloroform 
extract was washed, dried, and evaporated to dryness 
to give a product (15 mg.) which proved homoge- 
neous on paper chromatographic analysis and showed 
Ry identical to that of germine 15-J-2’-methylbuty- 
rate (VIII). The crude product was dissolved in a 
drop of chloroform, excess ether was added, and the 
flocculent precipitate which formed immediately 
was removed by filtration. White elongated prisms 
(9.5 mg.) separated from the filtrateon standing over- 
night and were recrystallized twice from chloroform- 
ether, yield 5 mg., m. p. 222-224° (decompn.). No 
melting point depression was observed on admixture 
with an authentic sample of germine 15-/-2’-methyl- 
butyrate and the infrared spectra of the respective 
samples were identical (2, 16). The paper chro- 
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matographic behavior of the product was the same as 
that of the authentic sample and different from that 
of protoveratridine, germine 3-/-2’-methylbutyrate 
(8). 

Degradation of Neogermbudine to Germine 15-/- 
2'-Methylbutyrate.— Neogermbudine (VI, 19.4 mg.), 
m. p. 149-152° (decompn.), was submitted to the 
degradation procedure described for germbudine. It 
showed a periodic acid uptake of 1.0 mole equivalent 
after one hour and 1.1 mole equivalents after three 
hours. Workup of the periodic acid oxidation mix- 
ture led to the isolation of germine 15-/-2’-methyl- 
butyrate (VIII); first crop, 2.5 mg., m. p, 220-222° 
(decompn.}; second crop, 5 mg., m. p. 215-218° 
(decompn. ). 

Chromic Acid Titrations.—-The alkaloid (ca. 1 
10-2 mM) was dissolved in glacial acetic acid (3 cc.) 
and treated with a solution of chromic anhydride in 
acetic acid containing 0.2% of water (2 cc., 0.055 N). 
The oxidation was olleuad to proceed at room tem- 
perature and 2-cc. aliquots were withdrawn after re- 
action periods of one and two hours. The chromic 
acid in oxidation mixtures and blank was reduced 
with 10% potassium iodide solution (5 cc.) and the 
released iodine was titrated with standard 0.01 N 
sodium thiosulfate. The results of titrations run on 
identical molar concentrations of germbudine, neo- 
germbudine, and germine 15-/-2’-methylbutyrate are 
given in Table I. 


TABLE I. 


Curomic Acip TITRATIONS 


Quan Equivalents of 
Chromic Acid Consumed 
Theo Found, Found, 


Alkaloid retical 1 br 


Germine 15-/-2’-methyl- 

butyrate (VIII) 3 3.0 
Neogermbudine (VI) 3 2.9 
Germbudine (V) 3 3.0 
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An Improved Colorimetric Method for the 
Determination of Meprobamate in Biological Fluids* 


By ALLAN J. HOFFMAN} and B. J. LUDWIG 


A colorimetric procedure is described for the microdetermination of meprobamate 
in biological fluids. Meprobamate is extracted from plasma or serum using mixed 
chloroform-carbon tetrachloride solvent, and color development is effected by 
treatment with p-dimethylaminobenzaldehyde and antimony trichloride in acetic 
anhydride. The color intensity measured at 550 mu is proportional to the concen- 
tration over the range of 0.5 to 10 mcg. A suitable modification of the extraction 
procedure for use with urine specimens is also described, which permits separation 
of meprobamate from the higher concentration of endogenous interfering sub- 
stances present in urine. Determination of meprobamate concentrations in blood 
specimens from normal adult subjects indicates that a peak concentration of this 
drug is attained about two hours after oral administration. 


I EARLIER PUBLICATIONS (1-7) it has been 

shown that orally administered meprobamate 
is readily absorbed into the blood stream from the 
gastrointestinal tract of experimental animals and 
of humans and is excreted in the urine in an un 
changed form, as a hydroxylated derivative, and 
in the form of a yet unidentified glucuronide. The 
analytical methods used in connection with these 
studies generally employed nonspecific colori 
metric procedures or depended solely or partly on 
chromatographic separation. In some animal 
studies C'*-labeled meprobamate was utilized as a 
basis for analysis. None of the published meth 
ods permits a rapid and practical estimate of me 
probamate content in blood and urine in the con 
centrations normally encountered and in the pres 
ence of endogenous interfering substances 

Ludwig and Hoffman (8) described a chemical 
reaction between meprobamate and certain alde 
hydes which served as a basis for a colorimetric 
procedure for the determination of this drug. It 
is the purpose of this publication to present a sim 
plified and improved modification of this highly 
specific method and to show its application to a 
series of blood concentration and urinary excre 
tion studies conducted on adult human subjects 

Meprobamate develops an intense red-violet 
color when reacted with certain aldehydes and 
anhydrous metallic salts in the presence of acid 
dehydrating agents.'- An examination of the ac 
tion of a number of such combinations led to the 
selection of p-dimethylaminobenzaldehyde and 
antimony trichloride in acetic anhydride as the re 
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! The nature of the colored compound has not been investi 
gated. Since the intense color development characteristic of 
this reaction apparently requires the participation of certain 
cations in the form of their anhydrous halides (SbCl, SiCh 
ZnCl, etc.) it is unlikely that the colored compound possesses 
the simple anil structure postulated by Foley, Sanford, and 
MeKennis (9) for a similarly colored compound formed from 
aniline and furfural 


agents of choice from the viewpoint of prompt and 
consistent color development, permanence of color 
intensity, and adherence to Beer's law. This 
color reaction is specific for unsubstituted amides 

By proper selection of extraction solvent inter- 
ference from naturally-occurring amides, urea 

etc., can be reduced to an insignificant minimum. 
Because of the greater water solubility of both hy- 
droxymeprobamate and the glucuronide conju- 
gate of this drug, the extraction procedure as de 

scribed does not remove these metabolic products 
of meprobamate from the usual body fluids. 
When carried out according to the procedure 
given below, this method will permit the accurate 
determination of meprobamate in urine, plasma, 
serum, or spinal fluid in concentrations from 0.5 to 
10 meg. per ml. 


EXPERIMENTAL 


Reagents and Apparatus.._Reagent grade ma- 
terials are used throughout and all solvents are re- 
distilled through a packed column before use. Low 
actinic containers fitted with glass stoppers or Teflon- 
lined closures are recommended 

Antimony Trichloride-Acetic Anhydride Re- 
agent (ATA Reagent).—-A stock solution consisting 
of a saturated solution of antimony trichloride in 
chloroform (approximately 25°) w/v) is first pre- 
pared by warming the mixture on a hot plate to solu- 
tion, cooling, and filtering through Whatman 41H 
paper. ATA reagent is prepared by combining 
four volumes of this stock solution with one volume 
of acetic anhydride. This reagent is stable for 
two days when stored under refrigeration 

p-Dimethylaminobenzaldehyde Solution (DMB 
Reagent) —A 1°, w/v solution of the aldehyde in 
benzene. When stored in the refrigerator, this solu- 
tion is stable for about one month 

Acetic Acid-Acetone Reagent (AAA Reagent) 

A mixture of three volumes of reagent grade acetone 
and one volume of glacial acetic acid 

Mixed Solvent.-A mixture of equal volumes of 
carbon tetrachloride and chloroform. 

Procedure.—-One milliliter of plasma or serum is 
transferred to a 40-ml. glass-stoppered centrifuge 
tube. Two drops of 28°; ammonium hydroxide, 2 
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drops of saturated potassium chloride solution, and 
25 ml. of mixed solvent are added. A reagent blank 
consisting of 1 ml. of distilled water, ammonium 
hydroxide, potassium chloride solution, and mixed 
solvent is run simultaneously. The tubes are shaken 
vigorously for five minutes, then centrifuged for ten 
minutes. The organic layer 1s then carefully 
removed with a 30-ml. hypodermic syringe fitted 
with a 10-cm. needle and passed into a second 
centrifuge tube through a small pledget of Pyrex 
glass wool (previously extracted with chloroform) 
The glass wool is rinsed with 5 ml. of mixed solvent 
and the combined extract and rinse solutions 
evaporated to dryness by immersing the tube in an 
oil bath at 80°. The tubes are rinsed down with a 
few ml. of acetone and the heating continued until 
the tubes are thoroughly dried. Color develop- 
ment is then effected by adding 0.2 ml. of AAA 
reagent followed by 0.2 ml. of DMB reagent and 
mixing. One ml. of ATA reagent is pipetted into 
the tubes, the contents mixed, the tubes stoppered 
and placed immediately in a 59° water bath, and 
held at this temperature for exactly ten minutes 
The tubes are removed and cooled by immersing 
in cold water and then diluted with 1 ml. of benzene 
The colored solutions are transferred to Corex 
glass-stoppered absorption cells and the absorb- 
ance measured using a Beckman DU spectropho- 
tometer at a wavelength of 550 my. A graph of the 
absorbance as a function of wavelength is shown in 
Fig. 1. Solutions of meprobamate in distilled 
water carried through the complete procedure as 
described are used to establish the calibration curve 
The absorbance is directly proportional to the 
concentration over the range of 0.5-10 meg. of 
meprobamate. Color intensity remains constant 
for at least one hour. 

Conformity with Beer’s Law.—-A solution of me- 
probamate in water was prepared and aliquots con- 
taining 0, 2, 5, and 10 mcg. were diluted to 1 ml. with 
distilled water in one series and with normal human 
plasma in another series and treated in accordance 
with the above procedure. The absorbances of the 
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Fig. 1.—-Absorption spectrum of meprobamate, 
p-dimethylaminobenzaldehyde and antimony tri- 
chloride color reaction. Determined with Beckman 
DU _ spectrophotometer using 1l-cm. Corex cells, 
slit width 0.025 mm. 
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colored solutions were read at 550 my against the 
prepared blank and were plotted against their 
respective concentrations (Fig. 2). The absorb- 
ances of solutions containing 0 to 10 meg. of 
meprobamate gave a straight line relationship 
indicating conformance with Beer’s law. The 
agreement between the distilled water and the 
plasma values at each concentration established 
that interfering components in plasma had been 
satisfactorily eliminated using this extraction 
procedure. 

Similar studies made on human serum resulted in 
comparable recoveries of meprobamate and the 
procedure without modification was found to be 
suitable for spinal fluid studies. The presence of 
hemoglobin in plasma or serum had no adverse 
effect on this analytical method. 

Accuracy and Precision.—-To establish the accu- 
racy and precision of this procedure, eight determi- 
nations were made at each of three concentrations 
in both water and normal human plasma. The pre- 
cision at each level of concentration for each series is 
given in Table I 


TABLE I.—RECOVERY OF MEPROBAMATE FROM 
WATER AND HUMAN PLASMA 


Absorbance, 


Mepro 550 my 

bamate (Mean of 8 Standard Deviation 
Added Determinations) SD = [1/N(x—28)*}'/s 

meg. / ml Water Plasma Water Plasma 
2.0 0.158 0.156 0.0127 0.0155 
5.0 0.371 0.379 0.0158 0.0166 


10.0 0.734 0.741 0.0280 0.0305 


ABSORBANCE 


MEPROBAMATE, mcg./ml. 


Fig. 2.—Absorbance of meprobamate, p-di- 
methylaminobenzaldehyde and antimony trichloride 
color reaction as a function of concentration: 
O water; @ plasma. Vertical lines denote 
magnitude of standard deviation for plasma deter- 
minations. 


Analysis of Urine Specimens.-— Urines of subjects 
receiving meprobamate collected during the twenty- 
four-hour period following administration generally 
contain meprobamate in amounts several-fold times 
the blood concentration of this drug, necessitating 
a 1:5 or 1:10 dilution prior to extraction. These 
dilutions contain interfering amounts of urea and 
other substances, and must be subjected to an 
additional treatment step before color development 
is attempted. 

The residue obtained on evaporation of the 
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clarified mixed solvent extract is heated for fifteen 
minutes at 50° with 1 ml. of 0.2 N hydrochloric acid 
It is then made alkaline with ammonia, potassium 
chloride solution added, and the procedure carried 
through as described above 

Application to Blood and Urine Specimens—Six 
healthy human adults were administered two 400-mg 
tablets of meprobamate and blood specimens taken 
at one, two, four, six, eight, and twelve hours 
were analyzed for their meprobamate content. 
The individual values and a curve representing an 
average are plotted in Fig. 3. The peak blood 
concentrations occurred at about two hours, fol- 
lowed by a steady decline for ten hours or longer 
At peak concentration, it is estimated that the total 
content of meprobamate in blood of these adult 
human subjects was about 15°) of the ingested 
dose 

The meprobamate content of urines from several 
normal adult humans ingesting similar quantities of 
this drug were determined using the procedure as 
modified for urine analysis. In general, approx- 
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Fig. 3.—Individual plasma concentrations of 
meprobamate for adult human subjects receiving 
two 400-mg. tablets. Heavy line represents average 
of six individual studies 
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imately 10% of the drug was excreted unchanged in 
the urine during the twenty-four-hour period fol- 
lowing ingestion and a few additional per cent 
was excreted in the subsequent twenty-four-hour 
period. These findings are in agreement with 
those noted by others (1, 4, 5) 


DISCUSSION 


A comparison of these human blood concentration 
values with those of experimental animals is of 
interest. Laboratory mice receiving substantially 
larger oral doses of meprobamate (300 mg./Kg.) 
showed a peak blood content of 245 mcg./ml 
about one-half hour after oral administration. This 
result is consistent with the findings of Walkenstein, 
et al. (4), who reported that the peak C™ content of 
lung, liver, heart, spleen, and kidney occurred 
thirty minutes after oral administration of C'*- 
labeled meprobamate (400 mg./Kg.). In each 
case the rate of disappearance of meprobamate 
approximated that observed in humans. Whether 
this difference in time required to attain peak blood 
concentration is a function of the magnitude of the 
dose administered, or represents a significant species 
difference has not been elucidated 

A number of blood specimens from subjects 
who had consumed quantities of meprobamate far 
in excess of that usually prescribed were found to 
contain 100 to 200 mcg./ml. One such patient 
who allegedly consumed 12 Gm. of this drug had 
serum and spinal fluid levels of 182 and 50 mcg./ml., 
respectively. The urine of this patient contained 
0.25°7 meprobamate 


SUMMARY 


Meprobamate reacts with -dimethylamino- 
benzaldehyde and antimony trichloride in the 
presence of acetic anhydride to give a red-violet 
color having an absorption maximum at 550 mu. 
Concentrations of meprobamate in_ biological 
fluids have been accurately determined by use of 
a suitable extraction procedure and application 
of this color reaction. 
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A Pharmacognostical and Phytochemical Study of 
Matanthemum Canadense (Desf.)* 


By C. W. DICKERSONT 


lant constituents have been obtained from the Lily family 


and, therefore, Maianthemum Canadense (Desf.) was deemed worthy of investiga- 
tion. The taxonomy, distribution, and habitat of Maianthemum Canadense (Desf.) 


are recorded herein. A study of the a 


leaf, root, and whole plant powder, an 


of the scientific literature per- 
taining to Maianthemum Canadense (Dest.) 


revealed that the pharmacognostical, phyto- 
chemical, and pharmacological properties of this 
plant have not been recorded. 

The plant was originally described by Réne 
Destontaines, who gave it the name Waianthe- 
mum, derived from the Latin, Maius meaning 
May; and the Greek, anthemon meaning flower 


Fig. 1.—Flowering plants of Maianthemum Cana- 
dense ( Desf.). 
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hological and histological features of the 
the phytochemical and pharmacological 
properties of whole plant extracts are also described. 


(1). The available information does not show 
any chemical analysis of Matanthemum Cana- 
dense (Desf.), but in 1907 Eldridge and Liddle 
(2) published their phytochemical study of 
Smilacina racemosa (Desf.), which closely re- 
sembles Matanthemum. ‘Their results were as 
follows: the berries contain tartaric and oxalic 
acids, possibly in the form of potassium salts; 
tannin; levulose; and also some dextrose. The 
seeds contain levulose; fixed oil in the form of 
olein and palmitin; and some gum. 


TAXONOMY 


Maianthemum Canadense ( Desf.) is a member of 
the family Liwiaceae (Lily family). The most widely 
used synonym is wild lily-of-the-valley along with 
other common names of Canada mayflower and 
bead ruby, which are recorded by E. H. Hausman 
(3). According to A. B. Lyons (4) it is classified 
as follows: Unifolium Canadense (Desf.) Green 
(Maianthemum Canadense (Desf.) and Smilacina 
bifolia, var. Canadensis A. Gray). N. L. Britton, 
and A. Brown (5), and M. L. Fernald (1) also give 
false or wild lily-of-the-valley and two-leaved 
Solomon's seal as the common names. The Index 
Kewensis (6) records several names that have been 
given in the past: Bifolium by Gaertn., Mey, and 
Scherb.; Maia by Salisb.; Sctophila by Wibel; 
Styandre by Raffin.; and Unifolium by Hall. 
Enum., Stirp., and Helv. 


MORPHOLOGY 


The description of the plant found in Mecosta 
County, Big Rapids, Michigan, follows the descrip- 
tion given in Gray’s Manual of Botany (1), “‘ex- 
tensively creeping, the freely-forking filiform rhi- 
zomes bearing stalked tuberous enlargements; a 
single cordate leaf accompanying the flowering 
stem; the latter erect, glabrous, 0.5-2.5 dm. high, 
bearing two or three glabrous leaves; lower cauline 
leaf 2-10 cm. long; flowers sweetly fragrant, the 
perianth segments about 2 mm. long.” See Fig. 1. 


DISTRIBUTION AND HABITAT 


Maianthemum Canadense (Desf.) is found abun- 
dantly in wooded areas and recent clearings, in sandy 
humus soil, It often ascends to the subalpine areas 
of Labrador, south to Newfoundland, New England, 
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Long Island, Delaware, Pennsylvania, upland to 
Georgia, Tennessee, and lowa 

In Michigan it is widely distributed and found in 
moist wooded areas throughout the upper and lower 
peninsula 


EXPERIMENTAL 


Leaf. Two methods of microscopical study were 
used. The use of a microtome was employed and 
the usual preparation of the specimen was followed 
The mountings obtained by the microtome method 
were not satisfactory lor drawing purposes, therefore 
fresh cuttings were made and mounted in chloral 
hydrate water. These cuttings were observed at 
10X and 43 X 

The leaf of Maianthemum Canadense ( Desf.) is 
typical of the Lily family. The upper and lower 
epidermis has a striated cuticle with one row of short 
palisede cells, and is isodiametrical. The spongy 
parenchyma is compact with a few of the cells con 
taining calcium oxalate raphides. Surrounding 
the vascular bundle is a ring of fibers (in older leaves) 
and one row of collenchyma cells, particularly at the 
lower surface of the leaf. Representing the con 
ducting tissues are small tracheae and tiny sieve 
tubes. The cells of the upper and lower epidermis 
are elongated with wavy walls, having stomatal 
apparatuses only on the lower epidermis surrounded 
by four, or rarely by five, neighboring cells. See 
Figs. 2 and 3 

Rhizome.—Epidermis consists of elongated cells 
accompanied by one row of collenchyma. Filling 
the parenchyma of the pericycle are small starch 


Fig 2 Cross section of leaf A, Upper epi- 
dermis; B, palisade cells; C, spongy parenchyma 
with calcium oxalate raphides; D, lower epidermis; 
E, tracheae; F, sieve tissue; G, bast fiber; H, col- 
lenchyma 


Fig. 3.—-Lower epidermis with stoma and striated 
marginal epidermal cells. 
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grains, the smallest being 15 4; the largest 37.5 u; 
with an average of 23.2 wu; and calcium oxalate 
raphides in bundles from 22.5 to 45 4 with an aver- 
age of 33.8 4. The endodermis is slightly iignified, 
consisting of one or, in some cases, two rows of cells. 
The tracheae are arranged in groups surrounding the 
pith. See Fig. 4 

Powdered Root and Rhizome..-The powder is 
characterized by numerous small starch grains, cal- 
cium oxalate raphides, fragments of tracheae, 
sclerenchyma fibers, and parenchyma 

Powdered Leaf.—-The identifying features of the 
powdered leaf are the calcium oxalate raphides, the 
characteristic epidermal cells, and the striated cuticle 
of those epidermal cells at the margin of the leaf. 
See Fig. 5 

Phytochemistry.—-Collections of the whole plant 
were made in and around the Big Rapids, Michigan 
area during the latter part of April and May 1957 
The material collected was dried at room tempera- 
ture for three days before grinding in a hammer mill 
to a fine powder. This powder proved to be very 
irritating to the nasal mucosa 

Preliminary chemical tests were conducted on 
water infusions of the material collected and the 
following results tabulated 


Substance Reagent Result 
Alkaloids AuCl,, T.S 
Mayer's reagent 
Picric acid T. S 


Tannins FeCl; T.S + 
Reducing substances Fehling'’s T.S +- 
(sugars, glycosides, 
and saponins) 
Saponins 2% Rat blood + 


suspension 


Since the preliminary tests indicated the presence 
of saponins, further investigation dealt with the 
isolation of this type of compound 

Twenty grams of the powdered plant were placed 
in Soxhlet extraction thimbies and extracted with 
petroleum ether for forty-eight hours, yielding 
0.40 Gm. of a green, waxy, resinous material. (All 
yields indicated have been evaporated and desiccated 
to constant weight.) The solvent was then changed 
to ethyl ether and extraction continued for forty- 
eight additional hours. This solvent yielded 0.43 
Gm. of a green semioily material. The thimbles 
were then placed in 300 ml. of sterile distilled water 
containing a small amount of chloroform to retard 
mold growth. After forty-eight hours of soaking, 
the thimbles were removed and the solution vacuum 
filtered through pumice. The filtrate was then 
passed through 1- X 10-inch columns of Alcoa 
activated alumina which adsorbed a large portion 
of the coloring matter and other unwanted impuri- 
ties. The filtrate obtained was then evaporated 
without the use of heat in a vacuum desiccator until 
crystallization took place. The crystals were then 
filtered out, yielding 0.06 Gm. (0.3°7) of a yellow 
crystalline material plus a yellow amorphous sub- 
stance. Varying amounts of ethyl alcohol and iso- 
propyl alcohol were passed through the alumina 
columns following the aqueous extract, in order to 
determine the extent to which the extract was ad- 
sorbed on the alumina 

Attempts to isolate the active principle by ex- 
traction with 95°) ethanol and subsequent purifica- 
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Fig. 4. Top—Cross section of rhizome in high 
power. A, Epidermis; 8B, collenchyma; C, peri 
cycle; D, parenchyma with calcium oxalate raph 
ides; E, parenchyma with starch grains; F, endo- 
derm; G, tracheae 

Bottom—Cross section of rhizome in low power, 
A, Epidermis; B, collenchyma; F, endoderm; G, 
tracheae 


tion of this extract with lead subacetate were un- 
successful 

Column chromatography was also attempted in 
the separation of the active constituents from the 
watery extract, but they were not adsorbed on the 
column and percolated through it, leaving this 
method advantageous only in purification 

The two portions isolated were then tested for 
their hemolytic effect on rat blood. The crystals 
proved to be some unpure, unidentified substance 
with no hemolytic properties, but the amorphous 
substance caused extensive hemolysis. 


PRELIMINARY STUDY OF 
PHARMACOLOGIC ACTIVITY 


The water extract was tested for its effect on spon- 
taneous contractions of the isolated ileum of rats 
and guinea pigs. Doses of 0.5 ml. (50 ml. bath) 
produced an increase in tone, but had no effect on 
either rate or amplitude of contractions. Larger 
doses of 1.0 ml. and 2.0 ml. resulted in a greater in- 
crease in tone 

The same extract was tested for its effect on blood 
pressure. The blood pressure was recorded by direct 
cannulation of the carotid artery and injections were 
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Fig. 5. Top—Powdered root and rhizome. A, 
Fibers; B, calcium oxalate raphides; C, tracheae; 
D, parenchyma; &, starch grains. 

Bottom—Powdered leaf. A, Lower epidermis 
with stoma; B, calcium oxalate raphides; C, upper 
epidermis; D, fragment of vascular bundle; &, 
chlorophyll grains; F, lower epidermis with spongy 
parenchyma. 


made into the femoral vein. Average responses 
were as follows: 


Animal Dose Effect 

Cat 2 mil./Kg No effect 

Cat 0 ml./Kg. Transient fall to 
normal 

Rat 0 ml./Kg. Transient fall to 7 
normal 

Rat 0 ml./Kg. Transient fall to 50°, of 
normal 


From these results it was impossible to ascertain 
definite pharmacological properties. Additional 
pharmacologic investigations are in progress. 
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Quantitative Determination of Flavanones in Citrus 
Bioflavonoids by Potassium Borohydride Reduction* 


By KENNETH M. ROWELL and DONALD H. WINTER 


Flavanones reduced with potassium borohydride and acidified with hydrochloric 
acid develop red to violet colors. This reaction forms the basis for a quantitative 
spectrophotometric method for the determination of flavanones. The procedure 
outlined is sufficiently sensitive to determine quantitatively solubilized flavanones 
at concentrations of 0.02 mg./ml. Determinations of flavanone content of typical 
pharmaceutical formulations containing citrus bioflavonoids demonstrate complete 
recovery of added bioflavonoids. be he, is rapid and the results are repro- 
ucible. 


[Lperers PAPERS dealing with molecular 
structure, chemical properties, and biogene 


sis of flavanones have been written by T. A 


Geissman, et al. (1, 2). Physiological properties, 
capillary and stress effects primarily, have been 
reported by Scarborough and Bacharach (3), 
Levitan (4), Martin (5), to mention a few. 


T 


ABSORBANCE 


$20 $60 


LENGTH (mu) 


Fig. 1.--Absorption spectra of colored substances 
formed by reduction and subsequent acidification 
of the flavanones. (1) Naringin; concn. 2.08 
y/ml., max. 552 my; (2) Hesperidin: concn. 4.33 
y/ml., max. 560 my; (3) Naringenin: concen. 2.08 
y/ml., max. 535 mu; and (4) Hesperetin: concn. 
2.08 y/ml., max. 540 mp. Solvent: Acid reagent, 
10-mm. Pyrex cells used 


* Received October 21, 1958, from the Orange Products 
Division, Sunkist Growers, Ontario, Calif 


Methods for quantitative estimation of flava- 
nones, chief group of bioflavonoids in citrus, have 
been generally unsatisfactory. The gravimetric 
as well as previous colorimetric methods lack 
specificity and convenience especially when ap- 
plied to finished pharmaceuticals containing small 
amounts of flavanones compared to other ingre- 
dients. Colorimetricmethods based on the cyani- 
din reaction (1) appeared to warrant careful con- 
sideration. Earlier attempts to adapt this reac- 
tion to the quantitative determination of flava- 
nones have been of limited utility because of the 
difficulty in controlling the large amount of heat 
generated during magnesium reduction, with con- 
sequent variation in the colors produced. It was, 
therefore, desirable to find a better method of re- 
duction of the flavanones with controlled color de- 
velopment. 

In recent years the complex saline hydrides 
have become commercially available and have 
been shown to possess specific reducing properties 
(6,7). Bauer, Birch, and Hillis (8) reported the 
reduction of flavanone with sodium borohydride 
yielded 8 4-chromanol, m. p. 146°. These in- 
vestigators also reported the flavonols rutin and 
quercetin were not reduced by sodium borohy- 
dride. Horowitz (9) tested many flavonoids and 
found only the flavanones produced red to violet 
colors when reduced with NaBH, and acidified 
with hydrochloric acid. He used NaBH, fol- 
lowed by hydrochloric acid as a spray reagent 
to locate flavanone spots separated by paper 
chromatography. 


EXPERIMENTAL 


Selection of Reducing Agent.— Preliminary experi- 
mentation with sodium borohydride and potassium 
borohydride for the reduction of flavanones in alco- 
holic and aqueous solutions showed that little heat 
was liberated during the reduction. It was also 
found that reduction to form a stable colorless com- 
pound could be accomplished by a noncolor-produc- 
ing acid, e. g., acetic acid, enabling a final well- 
controlled color development with hydrochloric 
acid. Because potassium borohydride is non- 
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hygroscopic and reacts less vigorously in an aqueous 
system than sodium borohydride, it proved the 
more satisfactory metallic hydride. In addition, 
uniform results were obtained using various lots of 
potassium borohydride. 

Apparatus.—-Absorbance measurements were 
made with a Beckmann model B spectrophotometer 
using 10-mm. Pyrex cells. Glassware used con- 
sisted of Normax volumetric pipets and flasks, Pyrex 
test tubes (20 K 150 mm.) with polyethylene stop- 
pers. A water bath with a temperature 20° + 
0.5° was used for the adjustment of volumes and 
temperature control. 

Reagents.—Potassium borohydride, 97+%, 
(Metal Hydrides Co., Beverly, Mass.). “Acid 
reagent’: prepared by diluting 5 ml. of hydrochloric 
acid, (reagent, A. C. S.)to 100 ml. volume with glacial 
acetic acid, (reagent, A.C. S.). Sodium hydroxide 
solution, 0.1 N. Acetic acid solution, 0.5 N. 

Preparation of Standard Flavanone Samples.— 
Flavanone glycosides and their corresponding agly- 
cones were purified from commercially available ma- 
terials by appropriate procedures. 

Hesperidin (Hesperetin-7-rhamnoglucoside ).—Col- 
orless needles melting at 261—263° with decompn. 
(10, 11), gravimetric purity 98+ %. 

Hesperetin (3', 5, 7,-Trihydroxy-4'-methoxy Fla- 
vanone).—Colorless plates melting at 232-234° 
with decompn. (12). 

Naringin Dihydrate ( Naringenin-7-rhamnogluco- 
side) —Colorless needles melting at 170-172° 
with decompn. (13), gravimetric purity 98+ % 

Naringenin (4', 5, 7-Trihydroxy Flavanone). 
Colorless needles melting at 249-251° with decompn. 
(13). 


ANALYTICAL PROCEDURE 


Preparation of Flavanone Solutions.Weigh 50 
mg. of the flavanone (100 mg. in the case of hesperi- 
din) into a 100-ml. volumetric flask. Solubilize the 
flavanone by adding 10 ml. of 0.1 N sodium hy- 
droxide. Adjust the volume to 100 ml. with distilled 
water. Prepare final solution by diluting 1:10 for 
hesperidin; 1:20 for hesperetin and naringin; 1:40 
for naringenin, with distilled water 

Reduction. Pipet 5 ml. of the final diluted flava- 
none solution into a test tube (20 K 150 mm.) con- 
taining 50 mg. of potassium borohydride. When 
the potassium borohydride has dissolved, add drop- 
wise 5 ml. of 0.5 N acetic acid to reduce the flava- 
none 

Color Development.—Into a polyethylene-stop- 
pered test tube pipet 5 ml. of “acid reagent.” Pipet 
1 ml. of the reduced flavanone material into the 
“acid reagent” tube. Shake and place in the 20° 
water bath. The color which develops is read 
against a blank prepared just prior to reading and 
consists of 1 ml. of the reduced material plus 5 ml. 
of glacial acetic acid. It is necessary to prepare the 
blank just prior to reading because the reduced 
aglycones produce a small amount of color upon 
long standing in glacial acetic acid. The holding 
time for color development varies with the flavanone 
being determined. When assaying hesperidin, the 
maximum color is read at eighteen minutes; for 
naringin and naringenin, thirty minutes; and 
hesperetin five minutes. Transfer the colored 
solution just before the maximum intensity has 
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been reached and record maximum absorbance at 
the predetermined wavelength for the flavanone 
being assayed. See Figs. l and 2. 

Adherence to Beer’s Law.—Beer'’s law is in effect 
from the concentrations 0 to 25 meg. per ml. for hes- 
peretin, naringin, and naringenin. A good linear 
relationship is shown for hesperidin from 0 to 100 
mg. per ml. concentration, see Fig. 3. 

Sensitivity.— Quantities of flavanones as low as 5 
meg. per ml. of solution (30 mcg. per ml. of hesperidin 
solution) can be determined by the potassium boro- 
hydride reduction method, see Fig. 3. The de- 
tectability level of the magnesium-hydrochloric acid 
reduction method is about 100 meg. per ml. of ethanol 
(1). Thus, it appears that this test could be used 
to measure the amount of chromatographically 
isolated flavanones. 

Reproducibility.—The reproducibility of results 
on several flavanones is shown in Table I. The ab- 
sorbance values were obtained on individually re- 
duced samples and illustrate the reproducibility of 
both the reduction and the color development. 

Statistically, the standard deviations for the 


TABLE I.—ABSORBANCE VALUES ON REPLICATE 


Test 
No. Naringenin Hesperetin Hesperidin Naringin 
1 2 375 224 
2 2 372 225 
3 2 375 . 223 
372 : 222 
378 . 222 


ABSORBANCE 


20 30 40 60 7° 
TIME IN MINUTES 


Fig. 2.—Formation and stability of color at 20°. 
(1) Naringin: conen. 2.08 y/ml., max. color and 
stability, sixty min.; (2) Hesperidin: conen. 4.33 
y/ml., max. color and stability, eighteen to twenty 
min.; (3) Naringenin: concen. 2.08 y/ml., max. 
color and stability, sixty min.; and (4) Hesperetin: 
conen. 2.08 y/ml., max. color and stability five to 
six min. Solvent: Acid reagent, 10-mm. Pyrex 
cells used. 
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Fig. Adherence to Beer's law. The concen- 
tration of hesperidin is four times that indicated, 
(1) Naringin, (2) Hesperidin, (3) Hesperetin, and 
(4) Naringenin 


four flavanones were not significantly different so 
they were pooled to give an estimated standard 
deviation per determination of 0.0014 (absorbance ) 
This does not include weighing errors. This is 
considerably less than the error for other methods 
used to determine flavanones quantitatively 

Factors Influencing Color Development.— Rate of 
Reduction.—The best replication was obtained by 
adding the acetic acid in the following manner: The 
tube containing the solution to be reduced was placed 
over a magnetic stirrer and a Teflon-covered stirring 
bar was inserted. While the solution was being 
stirred rapidly, the acetic acid was allowed to drop in 
slowly. In order to control the drop rate a fine 
capillary was used on the top of the pipet which 
changed its flow rate to eight minutes, see Fig. 4 
After four minutes, at which time most of the 
acetic acid had drained, the capillary was removed 
and the last amount in the pipet was allowed to 
drain normally. 

Temperature.— Different temperatures during the 
color development step greatly influence the rate 
and intensity of the color development. Figure 5 
uses hesperidin as an example to illustrate the time 
required to attain maximum absorbance at 0, 
20, and 40°. As 20° allows ample time before 
maximum color occurs and yet is not excessive, this 
temperature was selected. However, lower tem- 
peratures may be employed to produce greater 
stability 

Acid Concentration. As the ratio of the hydro- 
chloric acid to the acetic acid is increased in the 
“acid reagent,” the color intensity increases 
However, a larger proportion of hydrochloric acid 
causes the color to become less stable. In order to 
obtain a moderate degree of color stability and yet 
retain sensitivity, the ratio of hydrochloric acid to 
acetic acid was empirically chosen. When using 
the potassium borohydride method qualitatively, 
the sensitivity can be greatly increased by larger 
amounts of hydrochloric acid in the ‘acid reagent.” 

Stability of Color..Figure 2 shows the develop- 


Fig. 4—-Apparatus for controlled reduction with 
acetic acid. A, capillary; B, glass tube with 
glass wool packing to protect capillary; and C, 
rubber sleeve for attachment of capillary to pipet. 


ment and decay of color intensity at 20°. Since 
naringin and naringenin color is quite stable after 
thirty minutes development, they are read at thirty 
minutes. Hesperidin and hesperetin are read, pref- 
erably, at eighteen to twenty minutes and five to six 
minutes, respectively 

Stability of Flavanones in Final Dilute Alkaline 
Solution.—The flavanones will decompose slightly in 
alkaline solutions when held at 20° for several hours. 
It is, therefore, necessary that the holding time be- 
fore reduction be as short as practical. See Table II 


TABLE II.—STABii.ITy OF FLAVANONES IN ALKALINE 
SOLUTION 


Absorbance Readings 
Flavanone 15 min 60 min 300 min 


Hesperidin 0.270 0.270 259 
Hesperetin 0.363 0.360 360 
Naringin 0.210 0.200 195 
Naringenin 0.235 0.235 230 


Each alkaline solution was held at 20° for the 
designated time and the reduction and color forma- 
tion steps followed as outlined under procedure 
Since the samples used were not anhydrous, higher 
values would have resulted if the samples had been 
dried and handled carefully so as to avoid moisture 
absorption 

Absorptivity Values on Anhydrous Flavanones. ' 


' The term anhydrous flavanones used here pertains to 
materials dried for two hours at 105°. 
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Complex 
added to 
Preparation each tablet, mg 
Cold tablet* 20 
10 
Multivitamin’ 20 


Liver and iron*® 20 


I 
oar 
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Fig. 5.—The intensity and stability of the color 
developed by reduced hesperidin at different tem- 
peratures: (1) 0°, (2) 20°, and (3) 40°. 


The following list represents the absorptivity values 
obtained on the purified materials used in this study: 
hesperidin, (a) = 34,000; hesperetin, (a) = 181,000; 
naringin-2H,O, (a) = 114,000; naringenin, (a) = 
250,000. 

More effective methods of purification may result 
in higher values. However, the authors have been 
unable to obtain materials from any source with 
absorptivity values higher than these. 

Application of the Method to Finished Pharmaceu- 
ticals.—Many preparations containing hesperidin 
plus ascorbic acid and excipients may be analyzed 
as under “Analytical Procedure.” Complex prep- 
arations may be successfully analyzed by removing 
the water solubles before analysis. The following 
technique has proved to be adequate with all prep 
arations tested to date 

Procedure.—-Grind the finished pharmaceutical to 
pass through a 100-mesh screen. Weigh sufficient 
material to contain 20 mg. of the hesperidin product 
used in the preparation. Weigh 20 mg. from the lot 
of hesperidin used to serve as a control. Place each 
sample in a 50-ml. centrifuge tube and add 20 ml. of 
water which was previously saturated with hesperi 
din to which a small amount of antifoam (1 mg 
100 ml. Dow-Corning AF) has been added. Mix 
and centrifuge at 2,000 r. p. m. for five minutes 
Examine centrifuged tubes for floating particles 
especially in the control, and recentrifuge if neces- 
sary. Decant carefully and repeat washing a 
second time. Decant and solubilize the hesperidin 


ScIENTIFIC Eptr1on 


TABLE III. - "ANALYSIS FOR R HESPERIDIN COMPLEX | IN | FINISHED PHARMACEU TICALS 


Caled. Amount 


Recovery,* % Determined, mg 
103.6, 99.4, 101.8 20.7, 19.9, 20.9 
99.4, 102.4, 100.6 9.9, 10.2, 10.1 
99.4, 102.0, 106.0 19.9, 20.4, 21.2 
103.0, 104.0, 104.8 10.3, 10.4, 10.5 
104.3, 104.2, 105.3 20.9, 20.8, 21.1 
103.2, 103 0, 97.4 10.3, 10.3, 9.7 


* Contains thonzylamine HCl, a aspirin, , phenacetin, caffeine, and «: ascorbic | acid. 
6 Commercial multivitamin and mineral preparation 
© Commerical liver and iron preparation containing, in addition, copper, Be, and ascorbic acid 
4 Orange Products Division, Sunkist Growers, Ontario, Calif 

* Absorbance of test /absorbance of control K 100 = per cent recovery 


by adding 10 ml. of 0.1 N NaOH and transfer, 
quantitatively, to a 25-ml. volumetric flask. Dilute 
to volume and filter. Dilute the filtrate 1:10. 
Reduce this dilution and proceed as under ‘‘Ana- 
lytical Procedure.’’ The absorbance value of the 
test sample is compared to that of the control and 
the per cent recovery calculated. 

Table III illustrates the precision obtained from 
three complex preparations. The results are of 
triplicate analyses. When the pharmaceuticals 
themselves, without hesperidin, were tested none 
showed even a trace of flavanone content. 


SUMMARY 


The potassium borohydride method for flava- 
nones offers a rapid, simple, quantitative means of 
determining these compounds and has the follow- 
ing distinct advantages over previous methods: 
(a) Only with flavanones are red to violet colors 
produced, (6) Amounts as low as 5 meg. per ml. 
can be determined quantitatively (Hesperidin 20 
meg./ml.), and (c) The reduction may be con- 
ducted without external cooling. For the past 
two years this method has been used in connection 
with other methods to determine the flavanone 
content in hesperidin, naringin, naringenin, and 
hesperetin products. Consistent results have 
been obtained and considerable time saved in 
analysis. The method has been shown to be 
adaptable to hesperidin analyses in complex phar- 
maceutical preparations. 
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The Synthesis of Some Derivatives of Cinnamic 
and Their Antifungal Action* 


By H. WAYNE SCHULTZ} and GAIL A. WIESE 


Various amide derivatives of o-chlorocinnamic acid, p-nitrocinnamic acid, and cin- 

namic acid were prepared and tested for antifungal activity against four organisms. 

N-(4-Chloropheny!)-2-chlorocinnamamide proved to be the most active compound 

against M. gypseum and T. rubrum, while N- (3-chloropheny!) cinnamamide proved to 

be the most active compound against M. canis and T. mentagrophytes. 1n general, the 

results of the test indicated that most of the cinnamamide derivatives had little or no 
antifungal activity in vitro. 


ATIC COMPOUNDS represent a class of 

antifungal agents that have been success 
fully used in treating superficial mycoses. In 
reviewing the literature concerning these com 
pounds it was noted there have been few investi 
gations directed towards the study of antifungal 
activity of cinnamic acid derivatives. It was 
thought that these derivatives might possess 
antifungal activity because: 

(a) Cinnamic acid and its derivatives have been 
reported to have antibacterial, antitubercular, 
and antifungal activity. In regards to anti 
fungal activity, Uppal (1) found cinnamic acid 
to be more fungicidal than benzoic acid, while 
having approximately the same activity as 
salicylic acid. Also, o-chlorocinnamic acid and 
p-nitrocinnamic acid have been reported to have 
antifungal activity (2) 

(6) The relationship of cinnamic acid to fungi- 
static benzoic acid derivatives. Benzoic acid, 
of which cinnamic acid is a vinylog, and its 
derivatives have received considerable investiga- 
tion as antifungal agents. One of these de- 
rivatives, 2-n-amyloxybenzamide, has been found 
to be more effective than many of the commonly 
used antifungal agents. Also, various salicylic 
acid derivatives, such as salicylanilide (3) and 
the phenylsalicylamides (4) have been reported 
to have therapeutic value as antifungal agents 

c) The presence of alpha-beta unsaturation in 
the molecule. Several investigators have re- 
ported increased antifungal activity in compounds 
due to the presence of alpha-beta unsaturation. 
Of further significance, cinnamic acid represents 
the beta-phenyl derivative of acrylic acid, and 
various derivatives of this acid have been found 
to have antifungal activity 

Since amide derivatives of other related acids, 
such as salicylic acid and acrylic acid, have 

* Received June 20, 1959, from the State University of 
lowa College of Pharmacy, lowa City 

Abstracted from a dissertation submitted to the Graduate 
College of the State University of lowa by H. Wayne Schultz 
in partial fulfillment of the requirements for the degree of Doc 
tor of Philosophy, February 1959 


tPresent address: School of Pharmacy, Oregon State Col 
lege, Corvallis 


shown useful antifungal properties, the cinnama- 
mide derivatives were selected to be prepared and 
tested. Furthermore, a review of the literature 
revealed that amides of cinnamic acid have not 
been investigated for antifungal activity 


EXPERIMENTAL PART I 


The following processes exemplify the various 
methods used for the preparation of the cinnamic 
acid derivatives. The o-chlorocinnamoyl chloride 
was prepared from o-chlorocinnamic acid' by the 
method as recorded by Andrews, Van Campen, and 
Schulman (5). Information concerning the various 
cinnamamides which were prepared is summarized in 
Table I. 

Method I.--N - (2 - Chlorophenyl) - 2 - chloro- 
cinnamamide.—In a 500-ml. round-bottom flask, 
equipped with a reflux condenser, was placed 10 Gm 
(0.05 mole) of o-chlorocinnamoy! chloride. A solu- 
tion of 6.4 Gm. (0.05 mole) e-chloroaniline, dissolved 
in 30 ml. of C. P. grade pyridine, was added slowly 
to this. The reaction mixture was refluxed for three 
hours and then poured slowly, with stirring, into a 
beaker containing 300 ml. of distilled water. The 
water solution was cooled and the crystalline ma- 
terial removed with suction filtration and dried 
The product was purified by recrystallization from 
ethyl alcohol. The yield was 7.9 Gm. (54.1% of 
theoretical) of white crystals which melted at 170.5 
to 171.5° 

Method II.—-N - (2 - Chlorophenyl) - 4 - nitro- 
cinnamamide.—In a 500-ml. round-bottom flask 
was placed 20 Gm. (0.1 mole) of p-nitrocinnamic acid 
and 50 ml. benzene. The mixture was cooled in an 
ice bath and 19.2 Gm. (0.16 mole) of thionyl] chloride, 
dissolved in 15 ml. benzene, was added, dropwise. 
The reaction mixture was refluxed for one and one- 
fourth hours, after which time complete solution was 
effected. The excess thionyl chloride was removed 
by distillation under reduced pressure. Two fresh 
portions of 50 ml. benzene were added and distilled 
from the acid chloride to facilitate removal of the 
thionyl chloride. To the resulting acid chloride, dis- 
solved in 75 ml. benzene, a solution of 26.5 Gm. (0.21 
mole ) of e-chloroaniline in 50 ml. benzene was added, 
dropwise. The reaction mixture was refluxed for 
one-half hour, after which the solvent was removed 
by evaporation. The resulting product was re- 
crystallized from methyl ethyl ketone. The yield 

Phe o-chlorocinnamic acid used in this study was supplied 


through the ve of the Hayden-Newport Chemical 
Corp., New York, | A 
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TABLE I. 


Vield, Recrystn. 


Compound Method % M. p., °C. Solvent Calcd. ' Found 


2-Chloropheny]) cinnamamide 
3-Chlorophenyl) cinnamamide 
4-Chloropheny]!) cinnamamide 
2,4-Dichlorophenyl) cinnamamide 
2,5-Dichlorophenyl) cinnamamide 
2-Benzothiazyl) cinnamamide 


(2 
{-(3-Quinolyl) cinnamamide 
-(5-Chloro-2-pyridy]) cinnamamide 
‘-(2-Methyl-4-chk ropheny 1) cinnamamide 
{-(2-Chloropheny] )-2-chlorocinnamamide 
‘-(3-Chloropheny] )-2-chlorocinnamamide 
‘-(4-Chloropheny] )-2-chlorocinnamamide 
{-(2,4- Dichloropheny] )-2-chlorocinnamamide 
1-(2,5-Dichloropheny] )-2-chlorocinnamamide 
‘-(3-Quinoly])-2-chlorocinnamamide 
amide 

‘-(2-Chloropheny! )-4-nitrocinnamamide 


Z 


‘-(4-Chloropheny] )-4-nitrocinnama imide 


N-(2,4-Dichloropheny])-4-nitrocinnamamide 

N-(2,5- Dichloropheny] )-4-nitrocinnamamide 

N-(2-Benzothiazy1)-4-nitrocinnamamide 

N-(3-Quinoly] )-4-nitrocinnamamide 

N-(5-Chloro-2-pyridy] )-4-nitrocinnamamide 

amide 


137-138 EtOH 
125-126 EtOH 
185-186 EtOH 
162-164 EtOH 
177-178 EtOH 
245-246 EtOH- 
acetone 
217-218 EtOH 
186-187 EtOH 
189-190 EtOH 
170.5-171.5 EtOH 
162-163 Benzene 
190-190 Chlorolorm 
177-178 CCl 
158-159 CCl 
240-241 Me cello- 
solve 
213-214.5 EtOH 
231-232 EtOH 
291-292 EtOH 


OD 


“Ie 


on 


220-221 Me Et 
ketone 
196-197.5 EtOH 
226-227 EtOH- 
acetone 
226-227 EtOH 
251-253 Pyridine 
320-321 Pyridine 
313-314 Pyridine 
262-264 Pyridine 
260-261 Pyridine- 
EtOH 


n 


was 20.0 Gm (66.1% of theoretical), of light yellow 
crystals which melted at 220 to 221°. 

Method III.—-N - (4 - Chlorophenyl) - 4 - nitro- 
cinnamamide.—In a 500-ml. round-bottom flask 
was placed 16.1 Gm. (0.083 mole) of p-nitrocinnamic 
acid and 50 ml. benzene. The mixture was cooled 
in an ice bath and 10.9 Gm. (0.09 mole) of thionyl 
chloride, dissolved in 15 ml. benzene was added 
dropwise. The reaction mixture was refluxed for 
three hours, after which time complete solution was 
effected. The excess thionyl chloride was removed 
by distillation under reduced pressure. In order to 
facilitate the removal of thionyl chloride, 25 ml. 
toluene was added and distilled from the acid chlor- 
ide. This purification process was repeated using 25 
ml. benzene. To the resulting acid chloride, dis- 
solved in 50 ml. benzene, a solution of 11.6 Gm. 
(0.09 mole) p-chloroaniline in 25 ml. benzene and 25 
ml. ether was added, dropwise. The reaction mixture 
was refluxed for one hour, after which the solvent was 
removed by evaporation. The product was purified 
by grinding it into a fine powder, and washing it with 
two 100-ml. 2° hydrochloric acid, two 100-ml 
water, two 100-ml. 2“) sodium carbonate, and two 
100-ml. water. The resulting product was recrystal- 
lized from equal parts of ethyl alcohol and acetone. 
The yield was 16.2 Gm. (60.4% of theoretical) of 
light yellow crystals, which melted at 226 to 227°. 


EXPERIMENTAL PART II 
The compounds were tested for antifungal ac- 


tivity using a modified paper disk technique similar 
to that described by Kligman and Rosenweig (6). 


The test organisms used were: Microsporum canis, 
Microsporum gypseum, Trichophyton rubrum, and 
Trichophyton mentogrophytes. Acetone solutions of 
the compounds were prepared in concentrations of 4, 
2, 1, and 0.5%. Saturated solutions were prepared 
for compounds whose solubility in acetone were less 
than 0.5%. Two known antifungal agents, unde- 
cylenic acid and salicylanilide, were tested as refer- 
ence compounds. 

Sterile filter paper disks (12.7 mm. in diameter) 
were immersed for thirty seconds in each of the ace- 
tone solutions of the compounds. The excess liquid 
was drained off by touching the disk to the wall of the 
container, and the disk was placed immediately on 
the agar surface of a Petri dish which had been 
previously inoculated with the desired test organism. 
On each Petri dish were placed two filter disks satu- 
rated with the acetone solution. After incubation for 
fifteen days at room temperature, the zones of in- 
hibition, representing the minimum distance be- 
tween the periphery of the filter disk and the colony 
growth, were recorded as the mean of the two meas- 
urements. Only those compounds which had a zone 
of inhibition greater than 3 mm. are given in Table II. 


DISCUSSION 


In the separation and purification of the p-nitro- 
cinnamic acid derivatives, it was necessary to wash 
the crude product with a dilute hydrochloric acid 
solution first, in order to remove the excess amine, 
and then to wash the remaining product well with 
dilute sodium hydroxide solution, to remove the ex- 
cess p-nitrocinnamic acid. This procedure was 


4 


751 

15 5.44 5.39 
ae 27 5.44 5.62 
59 5.44 5.40 
is 35 4.79 4.89 
22 4.79 433 

47 10.00 9.84 
61 10.21 10.17 

59 10.82 10.63 

29 5.16 4.96 
54 4.80 ) 
| 77 4.80 
76 4.80 
69 4.29 1 
76 4.29 9 
8.91 
I 62.2 9.08 
I 54.6 9.56 
I 54.5 4.58 6 
66.1 9.26 9 
III 68.9 9.26 
Ill 60.4 9.26 6 

Ill 63.3 8.31 2 

Ill 59.0 8.31 6 
Ill 47.6 12.63 
£ Ill 51.6 13.17 9 
Ill 43.8 13.85 
Ill 49.7 8.85 5 
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MINIMUM WIDTH* OF ZONES OF INHIBITION, IN MILLIMETERS 


Compound 
N-(2-Chlorophenyl) 
cinnamamide 


N-(3-Chloropheny]) 
cinnamamide 


N-(3-Chlorophenyl)-2- 
chlorocinnamamide 


N-(4-Chloropheny1)-2- 
chlorocinnamamide 


N-(2,5-Dichloropheny])-2- 
chlorocinnamamide 


Salicylanilide 


Undecylenic acid 


Acetone 
0 
0 
0 


T. menta- 
grophytes 
0 
0 
0 
0 
0 
0. 


M 
gypseum 
0.5 


5 
5 
5 
5 
5 


~ 


@ Average of two measurements 


necessitated due to the low solubility of the amides 
in organic solvents, as well as the high degree of in- 
solubility of p-nitrocinnamic acid (a contaminant) in 
the solvents 

It was desired in this investigation to test and 
compare the compounds at various concentrations to 
determine the effect of concentration on antifungal 
properties. Because of the insoluble nature of most 
of the compounds, particularly the o-chloro and 
p-nitro derivatives, it was not possible to test all of 
the compounds at several different concentrations. 
However, it was decided to prepare and test sat- 
urated solutions of these “‘insoluble’’ compounds to 
determine if any of these compounds would exert 
antifungal activity when at a concentration which 
was equal to their maximum solubility, i. e., a sat- 
urated solution 

The results of the test indicated that most of the 
cinnamamide derivatives had little or no antifungal 
activity wilro. N(4-Chlorophenyl)-2-chlorocin- 
namamide proved to be the most active of the com- 
pounds tested against M. gypseum, having activity 
greater than salicylanilide while being comparable 
to undecylenic acid at 4°, concentration. Also, it 
was the most active of the compounds against T 
rubrum, having activity less than salicylanilide and 
much less than undecylenic acid. Against M. canis 
and T. mentagrophytes, N-(3-chlorophenyl) cinnama- 


+ Insoluble in acetone at the stated concentration 


mide proved to be the most active compound. In 
general, it appeared that substitution on either the 
phenyl ring of cinnamic acid or variation of the amine 
portion of the molecule had little effect on antifungal 
activity of these compounds. 

The apparent lack of antifungal activity as shown 
by the tested compounds may be due to several fac- 
tors. Perhaps, chief among these factors would be 
the general insolubility (both in water and organic 
solvents) that was exhibited by these compounds. 
Also, it may be possible that the testing procedure 
disguised the true antifungal activity of these com- 
pounds. Since the zones of inhibition are greatly de- 
pendent upon the ability of compounds to diffuse in 
the agar, the diffusability factor, rather than the 
inhibitory factor may have been measured. Although 
the testing method used represents a useful screening 
procedure for antifungal activity, it may not corre- 
late the in vitro results to clinical effectiveness. 
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Whites pleasant palatability in new pharmaceuticals and 
proprietary medicinals is much simpler today due to the many 
achievements of modern flavor technology. 


“SEALVA” dry flavors (hermetically-sealed inert flavoring 
materials of exceptional quality) offer special advantages 
for products in powder, grain, flake, tablet and oil-sus- 

pension form. 


“ALVA” flavor constituents developed specifically for 
controlling unpleasant taste in liquid pharmaceuticals 
products. 


The pharmaceutical section of the Alva Research Laboratory is 
unmatched in experience and ability in treating unusual palat- 
ability problems in medicinals. Each problem is treated individu- 


ally. May we help you? 


van Ameringen-Haebler 
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